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SECTION 1.0

INTRODUCTION

Pursuant to Section III of the Statement of Work (Appendix II) attached to the Unilateral

Admini

Order (UAO) dated May 1998, this document is being submitted to fulfill the
requireme:;}tftp“j;repare a Final Design Report for Work Element I - Soil Remediation and Work
Element§- II - '(:::i'qund-water Remediation.

The Tutu area of Saint Thomas has been the focus of an ongoing Environmental
Protection Agency (EPA) directed investigation subsequent to July 1987. EPA’s investigative
activities were precipitated as a result of the detection of volatile organic compounds (VOCs) in
several potable wells lo‘cateu within the northern portion of fhe Tutu aquifer Basin. Specifically,
sampling conducted by Weston in lulyl987, on behalf of EPA, identified the presence of

synthetic chlorinated organic compounds and aromatic hydrocarbons at variable concentrations

and in sporadic locations within a pumlier of ground-water production wells in the Tutu area.

Subsequent to July 1987, periodic water quality sampling of potable wells has been conducteq by
EPA. Additional site inspections, document reviews, and sampling activities have been
implemented in an attempt to identify potentially responsible parties (PRPs).

In 1992 EPA directed the Tutu- Environmental . __Invesﬁgation Committee (TEIC),
comprised of Texaco Caribbean, Inc. and Esso Standard Oil, Etc;-lmpi’;ment a joint hydrogeologic
investigation within thé Tutu area. In an attempt to char?cterize the extent and sources of
ground-water contamination, monitoring Wells‘ were insmlléd;‘ soil/ground-water samples were
collected, and aquifer hydraulic information obtained. Findings ﬁom this investigation were

presented by Geraghty & Miller in a Technical Memorandum (Tech Memo II) dated May 1993.

This investigation program represented the first step in the iterative process through which a
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comprehensive Remedial . Investigation/Feasibility study (RI/FS) for the Tutu area was

developed.
To address data gaps identified in the Tech Memo II, Geraghty and Miller developed a
Phase II RI program in 1993. This program was submitted to EPA in December 1993, and

subsequently approved and implemented in 1994. F mdmgs of the Phase II RI were presented in

a Phase iI }RI Report dated April 1995.

In adgjl%lon to the valley-wide RI activities conducted by EPA and TEIC, several PRPs
have _céﬁ%uctééi?“'site-speciﬁc investigations.  Specifically, Esso commissioned several site
investigations of the Tutu service station which were implemented in a phased-approach and
included the following significant tasks: |

* assessment of soil quality proximal to forier gasoline storage tanks;

e determination of env1ronmental conditions adjacent to potential on-site sources area

including the gasoline dispenser island, former location of hydraulic lifts, oil/water
.separators, and exnstlng gasolme storage tank field.;

e determination of ground-water quality on site, as well as upgradient and
downgradient of the service station.

EPA lssued a Record of Decision (ROD) dated August 5, 1996 which set forth EPA’s
selected remedy, The major components of the selected remedy as it relates to the Esso service

station include the following two Remedial Work Elements:

¢ Institutional controls to place limitations on property usage;
e Institutional controls to ensure excavation or disturbance of soils will not occur
without permit approval, proper worker-protection precautions, and monitoring for

fugitive emissions;



e Institutional controls to prohibit excavation, transportation and use of soil or rock
from impacted areas with EPA and DPNR approval;

e Soil Vapor Extraction (SVE) treatment and bioventing of impacted soil; and

o Thermal oxidation for eff-gas treatment

lmplement Source Control Program (SCP) including the installation and operation of
extractlon wells and an air stripper to address impacted grouind water.
In accordance with the ROD, a Remedial Design Investigation was implemented to:

e Delineate the extent of impact to vadose zone soils adjacent to the north oil/water
separator and dispenser island;

e Define the extent of the perched water zone and the phase-separated hydrocarbons in
the vicinity of the north oil/water separatof;

e Quantify site-specific vadose zone characteristics to establish soil cleanup criteria;
and FEC

e Collect requisite data to deSIgn a soil vapor extraction and ground-water collection
remediation systen.

Field investigation activities were performed during the period from September 16, 1996
to October 16, 1996. Based upon the investigative information collected dnring the Remedial

Design Inveét’igation, a Source Control ‘Prograx'n was developed. The ‘objectives of the Source

Control Program are as follows:

¢ Remove phase-separated hydrocarbons present in the -perched water zone on site and
the shallow portion of the bedrock aquifer both on snte and off site;

® Remediate vadose zone soils to ensure potential leaching of contaminants from
unsaturated soil to the water table does not result in ground-water concentrations
above Federal Maximum Contaminant Levels (MCLs); and

¢ Hydraulically capture and remediate volatile aromatic hydrocarbon plume present in
the overburden and shallow bedrock. :



The investigation findings and a conceptual design for the components of the Source
Control Program were presented in the Remedial Design Investigation/Source Control Program
Report (FES, 1997). The remedial system will involve the following:

¢ Oil vapor extraction (SVE) and bioventing of vadose zone soils;

e

Removal of phase-separated hydrocarbons using both fluid extractlon and vapor
extractlon/bloventmg, and

G’gpﬁnd—Water recovery and treatment with an air stripper.

Thls d;o{é;umen‘t is being submitted in fulfillment of the requirement for submission of the
Final Design Report for Remedial Work Elements I and II. The report is organized as discussed
below, along with supporting appendices. Section 2 SUmmafizeS the site environmental setting

data and background information relative to the extent of soil and ground-water contamination.

Section 3 discusses institutional controls. J,L,Smgction 4 discusses design criteria for Work Elements I

and II. Section 5 presents the performance crlterla and contingency measures for Work Elements
Iand II. Section 6 is the Samplmg, Analysns, and Monitoring Plan. Section 7 address operations
and maintenance. Finally, Section'8 is' the Construction Quality Assurance Project Plan and

Section 9 the schedule.
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SECTION 2.0

SUMMARY OF SITE ENVIRONMENTAL CONDITIONS

2.1 Site Geology and Hydrogeologj
The geologic sequence at the Esso Tutu Service Station consists of fill -and

unconsqlidgte_d’;Quatemary sediments overlying volcanic rock. The fill material varies in

‘thicknes,s from2 to 3 feet at the northern property boundary to approximately 10 to 15 feet in the

southwés‘térn ﬁt;i‘tion of the site. In general, the fill consists of a fine sand/silt/cléy matrix
surrounding angular rock fragients. In certain areas, such as the southwestern corner of the site,
the fill material also includes cobbles and construction debris. Beneath the fill are
unconsolidated.alluvial and colluvial deposits and weathered bedrock. These sediments range in
thickness from 2 feet in the northempomon -of the site to approximately 5 to 6 feet in the
southwestern corner of the propertyThese deposi;s can best be characterized as a poorly sorted

mixture of clay, silt, sand, gravél ;and pdbbles. Weathered bedrock (saprolite) at the site is

- composed of dense silt and clay, extending from depths ranging from 4 feet to 20 feet below the

ground surface.

| The bedrock in the vicinity of the Esso Tutu Service Station consists of two volcanic
formations: the Water Island Formation; e;nd the Louisenhoj Formation. The Water Island
Formation is composed primarily of basaltic flows and b’recciéasv-'.f-fltfi:sv unconformably overlain by
the Louisenhoj Formation which consists of pyroclastic to epiblastic augite andesite tuffs and
breccias. Locally, the base of the Louisenhoj Formati‘oh consists of the Cabes Point
Conglomerate, which contains well rounded and well sorted pebbies and cobbles or the older
Water Island 'Fonnation (Donnelly 1959 and 1966). The depth to competent bedrock varies from

5 feet along the northern property boundary to 20 feet in the southiwestern portion of the site.



Ground water at the Esso Tutu Service Station is present in two separate units: a shallow
perched water zone aﬁdthe regional water table aquifer. A localized perched ground-Wate‘rA zone
is pfe,sent in the southwestern portion of the station property, proximal to the north oil/water
separator (Figure 2-1). Perched ground-water conditions are manifested as a resﬁlt of a

permeability gradient between fill deposits and saprolite strata. The increased clay content and

limited eemeablllty of saprohte strata inhibits the vertical transport through the vadose zone.
Perched water conditions were not encountered during soil boring advancement north of the
north oil/Water séparator or in the area of the dlsp‘enser island/USTs. Similarly, perched water
conditions were not encountered at monitoring well SW-8 or the MW-9 cluster, effectively
defining the spatial e;%tent of the perched ground water beneath the site. Depth to water in the
perched zone is approximately 9 feet to 10 feet below grade.

Considering both the limited"’f_’si;eftia_l extent of the perched water zone and the site
lithology, horizontal ground-water;r;m__'ié;aftien in this unit is thought to be minimal. Ground-water
elevation data.sug‘gest that there is llttle, if any, hydraulic interaction with the underlying water
table aquifer. Information collected during ground-water pumping tests, as well as ground-water
monitoring events, demonstrate that water levels in the two units ﬂuctuate independently.
Historically, ground-water elevations in the perched zone have been consistently 8 feet to 10 feet

higher in elevation than water levels in the water table aquifer.

The source of hydraulic recharge, if any, to the pereheé one has not been specifically
identified. The presence of pavement and above ground structures both on and proximal to the
site, reduce the pofenti,a] for surface water/precipitation iﬁﬁ'lt‘r_ation. Observations recorded
during the .comp'letion of soil borings and trenches north of the oil/water separator and/or
dispenser island demonstrated the absence of moisture in Subsu;'face deposits, despite the

termination of borings/trenches upon the bedrock surface. One potential recharge source may be

the cistern located beneath the station building. The cistern had received water from the roof
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* drainage system prior to the impact of Hurricane Marilyn (Fall 1995). Subsequently, the cistern

has been replenished with shipments of water delivered once of twice per week (water from the
cistern is presently used in the station rest rooms).
Ground water associated with the water table aquifer is present at depths of 17 to 20 feet

l-)eneathr_mtnh;emsi_tg. Although chemical properties of the water table aquifer Vary with depth,

shallowffah déep portions of the aquifer a believed to comprise a single hydrogeologic unit.

Regionajl'grou}ig-water flow beneath the site is generally north to south, under an approximate
hydraulié' gradlent of 0.03 (Figure 2-2). Vertical ground-wat_ejr elevation measurements suggest a
slight downward gradient ranging from 0.0035 to 0.01.

Aquifer characteristics have been quantified through a series of single-well hydraulic
conductivity tests (i.e., slug tests) and short tefm constant rate pumping tests. Single-well
hydraulic conductivity tests indicate.*‘tl'ieé the pe‘r‘meability of the shallow fractured bedrock

beneath the Esso Tutu Serv1ce Statlon ranges from 4.61 x 10 f/min to 1.55 x 10* f/min.

Calculated hydraulic conductnvnty values for the deeper portion of the fractured bedrock (well
location DW-1) was 1.01 x 10° ft/min. Ground-water pumping tests, condue’ted at a rate of"O.S
gpm in wells SW-1, SW-3, SW-7 and CHT-2, demonstrated hydraulic conductivity values
ranging from 4.0 x 10° ft/min to 1.3 x 107 f/min. Most calculated hydraulic conductivities

were within the range of 10 f/min to 10 ft/min. All of the bed ock wells used during pumping

test activities could not sustain an extraction rate of 0.5 gpm r'er a perlod greater than 2 hours.
The low permeability of the shallow fractured bedrock is démonstrative of the limited fracture
density proximal to the service station site. :

Hydraulic conductivity data for the aquifer pumping tests, m conjunction with ground-
water gradient information, indicate that ground-water velobity in the area of the Esso Tutu
Service Station is relatively slow. Employing the geometric mean of the hydraulic conductivity

data (0.0001 ft/min) for the shallow aquifer monitoring wells, and assuming an effectiw;e‘fpere-si'ty
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of 0.15 for the shallow.bedrock zone, produces a calculated ground-water velocity of

approximately 10.5 feet per year.

2.2 Contaminants of Concern

- concerngforﬂ»therentlre Tutu Wells NPL Site include volatile aromatic hydrocarbons (benzene, °

‘toluene ethyibenzene xylene) and chlorinated volatile organic compounds (CVOCs) mcludmg

tetrachlorOethene trichloroethene; dichloroethene, and vinyl chloride.

2.3 Extent of Soil Impact (Remedial Work Element I)
Two areas within the unconsolidated vadose zone soils at the Esso Tutu Service Station
have been identified as being impacted: l)the area surrounding and downgradient (i.e., south) of

the north oil/water separator; and, 2) the former dispenser island and product distribution lines.

‘ o‘ - _ t__r

Soil quality proximal to the north oil/water separator was defined durihg previous
sampling programs implemented in 1993 and 1996. Samples VSS-I, SS-3, SS-4, SS-5, SS-6, SS-
7, and SS-8 were collected on the western side of the sgp;@tér_ following excavation and
removal of the effluent pipe in 1993 (Figure 2-3). Ten soil bormgswere drilled proximal to the
north oil/water separator m 1996 to: 1) delineate the extent ojf impact north of the separator; and
2) characterize the contaminant levels associated with the pe;rcfhed water conditions south of the
separator (proximal to well SW-7). Borings B-16 and B-17 were installed nortim of the separator
and borings B-1, B-2, B-5, B-6, B-7, B-15, B-18, B-19, and B-20 were drilled south of the

separator (Figure 2-4).
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Analytical data from these sampling events detected the presence of aromatic
hydroéarbons (e.g., BTEX), polynuclear aromatic hydrocarbons (PAHs), and to a lesser extent
CVOCs. CVOCs were detected only in soil samples collected from a test pit to the west of the
separator in 1993. No CVOCs we'ré detected in Soil boring samples collected in 1996. CVOCs

are llmlt d__Mto the shallow soxls adjacent to the north oil/water separator, they were not

w1despread An: the perched water zone. The following discussion summarizes the conclusions
regarding f'the *gnstnbu,tlon of these different compounds presented in the Remedial Design
Investigﬁtion/S“c;ﬁrce Control Program Report (FES, 1997).

Aromatic hydrocarbon compoundﬁ,- present in the vicinity of the north oil/water
separator and the alleyway to the south of the separator, were detected at the highest
concentrations in soil samples SS-1 (9 feet), SS-3 (3 feet), SS-7 (5 feet) and SS-8 (7 feet), all
collected from a test pit located xmmedxately west of the separator (Table 2-1). Compounds

detected at the highest concentratlo’

maximum reported total BTEX cqncentratipn of 142.3 mg/kg. Samples SS-4 and SS-5, collected
abouf 8 feet west of the separator, contained total BTEX levels of 29.8 and 36.0 mg/keg,
respectively. Aromatic hydrocarbons were not det.ectgd in Sample SS-6, located about 12 feet
west of the separator and adjacent to the western property boundary, effectively delineated the
western extent of aromatic impact. Samples collected from south of the separator (B-5, B-6, B-
7, B-15, and B-20) demonstrated low concentrations of total aromatlc hydrocarbons (less than 1
mg/kg), delineating the southern extent of soil impact (Table 2-2). Borings B-16 and B-17
effectively delineate the extent of aromatic compounds north‘of‘ the separator.

CVOCs were observed in the soil ;amples collected from the test pit immediately to the
west of the north oil/water separator, except for sample SS-6. Compounds detected including
1,2-dichloroethene (1,2 DCE), t_fich_loroethené (TCE), tetrachlqroethene (PCE), and 1,1,1-

trichloroethane (1,1,1-TCA) (Table 2-2). Samples SS-3, SS-7, and SS-8 exhibited the h"igh'ést
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- CVOC concentrations with total CVOC concentrations of 5.12 mg/kg, 0.67 mg/kg, and 2.19

mg/kg, respectively. Individual compounds observed at the highest concentrations included 1,2
DCE (3.2 mg/kg, sample SS-3) and PCE (1.5 mg/kg, sample SS-8). Chlorinated volatile

compounds were not detected in any of the 25 samples analyze for CVOCs during the 1996 RD

Investigation. _

él"lzier’pr”ésence and distribution of PAH compounds mimicked that of the aromatic

compounds

I n general the highest levels were reported ad_]acent to the north onl/water separator
at depths*“of 3 to 7 feet (samples SS-3, SS-7, and SS-8). Individual constituents detected at the
highest concentrations included naphthalene, phenanthrene, and pyrene. Sample SS-6 collected
along the western property boundary demonstrated non-detectable levels of all PAHs. Although.
PAH compounds were observed in soil samples colléc'ted in the alleyway south of the separator
as well as noﬁh of the separator in sample B-16 (Table 2-2), the r'ep;orted concentrations were
less than those observed adjacent to the §%&e;§arator.

In summary, field observati;‘;&m%ing the drilling of borings south of the north oil/water
separator demonstrated the highest concentrations of aromatic hydrocarbon and PAH compounds
in the 8 to-10 foot and 10 to 12 foot sample intervals. These sample intervals correlate with the
elevation of the perched water zone, and as such contamination in this area has resulted from

horizontal transport of hydrocarbons on the perched water.

Soil quality adjacent to the former dispenser island ‘and product distribution lines have

been defined through previous sampling and investigative prograrhs implemented in 1993, 1995,

and 1996. Soil borings SW-1, SW-2, and SW-3 (Figure 2-4) were drilled and sampled in 1993.

Ten soil borings ‘were: drilled in 1996; borings B-3, B-4, B-8, B-9, and B-10 were located

adjacent to the former dispenser island, while borings B-11, B-12, B-13, B-14, and B-24were
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" located further west and adjacent to the service station building.

Analytical data obtained during these investigations demonstrated the sporadic presence
of BTEX and PAHs compounds. CVOCs were detected in any samples collected adjacent to the
dispenser island and product delivery lines.  The following discussion s_u'mr‘ﬁariZeS the
conclusions regarding the distribution of these compounds presented in the Remedial Design
Investlgatlon/Source Control Program Report (FES, 1997).

Aromatlc hydrocarbon compounds were detected in samples collected from. boring B-3
drilled zr’djéceﬁt“to the former pump island as well as borings B-11 and B-13, completed adjacent
to the service station building. The maximum total BTEX concentrations in these three borings
wer"ej 1.1 mg/kg, .002 mg/kg, and .15 mg/kg, respectively. The depth of impact in these borings
was typically shallow (4 to 8 feet). BTEX cornpounds were either not detected or reported at
low estimated concentrations in the remammg borings installed adjacent to the former pump -
island. The hlghest BTEX concentratlons were observed in samples B-14 (47.2 mg/kg, 10 to 12
feet) and B-24 (236.7 mg/kg, 9 to Iil feet)_ while sa'mples collected at shallower depths in these
same borings demonstrated low to non-detectable levels of BTEX compounds. Field
observations and these analytical results suggest that the contamination associated with the
perched water zone enc0un_tered during investigation of the north oil/water separator extends as

far eastward as boring B-24 (Figure 2-1).

Samples from borings B-3, B-4, B-14, and B-24 §vere-~»snbmitted for PAH analyses.
Analytical results for samples from borings B-3 and B-4 were reported at an elevated method
detection limit, generally less than 0.1 mg/kg. The distribution of PAH compounds in borings B-

14 and B-24 mimics that of the aromatic compounds.

2.4 Extent of Ground-Water Impact (Remedial Work Element IT)

Ground-water quality data indicate the presence of two distinct contaminant plumes
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- beneath the subject property: 1) a volatile aromatic hydrocarbon and dissolved PAH plume

emanating from the north oil/water separator and, 2) a volatile aromatic hydrocarbon plu‘me
originating from the dispenser island/distribution line area. The aromatic hydrocarbon plume
originating from the dispenser island area has impacted ground-water quality in the shallow
bedrock?aquifer,_’% Impact associated with the north oil/watér separator is principally limited to the
pemhed%groﬁgdi;ater Zone. Phaséaseparated hydrocarbons have been associated with ‘each of
the p]ulx;j\e;.v:?;lthough CVOCs were detected in 2 limited area of shallow soils (e.g., 3 to 7 feet
deep) ad;j'i;cent‘i"t& western edge of the north oil/water separator, CVOCs have not beeii detected
in water or phase-separated hydro_éarb:ons associated with the perched water zbne. CVOCs are

present in upgradient well MW-8 and are considered indicative of the regional impact to the Tutu

Aquifer from upgradient sources.

Data éharacterizing ground-water éu‘ality in the perched water zone and downgradient of
the north oil/water separator has been obtained from monitoring well SW-7 (Figure 2-4).
Ground-water elevation data for well SW-7 indicates this well is screened within the perched
water zone and hydraulically separated from the water table aquifer. As depicted in Figure 2-1,

the spatial extent of the perched zone is limited. The perched zone was not encountered during

the drilling of wells SW-3, SW-8, or CHT-2.

Ground-water quality monitoring at well SW-7 ovér a 2.5 year period demonstrated
concentrations of individual BTEX analytes ranging from a ﬁ‘fnim’um of 16 pg/L (toluene) to a
maximum of 171 pg/L (total xylenes) (Table 2-3). Two sampling events in 1994 demonstrated
benzene concentrations of 160 pg/L and 99 pg/L.

Certain PAH compounds have also been observed in ground-water samples collected

from well SW-7, including naphtha’l‘ehe,- fluorene, and phenanthrene. Individual concentrations
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of PAH compounds have ranged from not detected to 96 pg/L. (naphthalene). Chlorinated
volatile organic compounds have n'ever been detected in ground-water samples from well SW-7.
The detection of PAH and aromatic compounds in well SW-7 is indicative of a release from the
north oil/water separator and consistent with the compounds observed in soil samples collected

following removal of the effluent pipe from the separator.
;

. '}N'I;Onit(;)’i':ihg wells characterizing ground-water quality proximal to the dispenser island,
distributibn lines, and USTs include. SW-l, SW-i, SW-3, and CHT-3 (Figure 2-4). Monitoring,
wells MW-8, SW-8, CHT-7D, MW—ld, and MW-10D are instrumental in defining the spatial
extent of the aromatic hydrocarbon plinie emanating from the gasoline storage and dispensing
area. |

om wells SW-1, SW-2, and SW-3 have consistently

Ground-water quality daté_;{:

‘demonstrated the presence of aromatic é:ompounds. The highest reported concentrations were

observed at wells SW-1 and SW-3, with total BTEX concentrations ranging from approxima_tely
55 mg/L to 135 mg/L, respectively. Phase-separated gasoline was detected in well SW-3 during
the 1996 sampling program. Although BTEX constituents were detected in SW-2, reported
concentrations were significantly less than those observed in SW-I and SW-3. During the
September 1996 sampling event, individual BTEX compouncjis;';f‘::‘s:@-Z ranged from a minimum
of 18 pg/L (ethylbenzene) to a maximum of 220 pg/L (benzéne). Data from well SW-2 during
the 1994 sampling events demonstrated slightly higher cqncénuations, however, total BTEX
levels were still less than 8 mg/L.

Aromatic hydrocarbon compounds (i.e., BTEX analytes) have consistently been detected
in well CHT-3, located approximately 20 feet downgradient of the USTs. Data from 1994

indicated total BTEX concentrations of approximately 4.5 mg/L, while observations recordedm
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' 1996 indicated the presence of phase-separated gasoline. Monitoring well MW-10, located

approximately 50 feet downgradient of the USTs demonstrated the presence of benzene (2 pg/L,
estimated concentration) and ethylbenzene (5 pg/L) during the September 1996 sampling event.
Data collected in 1994 from MW-10 demonstrated the absence of all aromatic hydrocarbon

Information from MW-10 has been used to define the downgradient extent of

compougds
volatile éaifomafi;: impact from the gasoline storage and distribution system. Mo'ﬂitor‘ing well
MW-.8, Iocated upgradient of the dispenser island and adjacent to the northern boundary of the
site, has’ cons:stently demonstrated the absence of volatile aromatic hydrocarbon compounds.
However, as mentioned previously, CVOCs were detected in this upgradient well and are

considered indicative of the regional impact to the Tutu Aquifer from upgradient sources.

absence of chlorinated organi_é: compounds in monitoring wells located » immediately
downgradient of the USTs and dispenser island. Speciﬁ.cally, chlorinated compounds were not
detected in wells SW-1 and SW-3 during the 2.5 vyear sampling program. Monitoring well SW-
2, located along the eastern edge of the station property, exhibited a maximum individual “
chlorinated compound concentratio of 32 pg/L (1,2 DCE).

Data from on-site monitoring well SW-8, as well as r?noﬂiédring points CHT-2 and the
MW-9 well cluSter, have consistently demonstrated the absende of significant concedtratidns of
chlorinated volatile organic compounds in the water table:‘a‘c;\:]uifef. Monitoring we‘lis SW-8,
CHT-2, and the MW-9 cldster are located 40 to 60 feet downgradient of tﬁe north oil/water
separator.

Monitoring wells MW-10 and MW-10D, located approximately 50 feet downgradient of

the Esso Tutu Service Station, each demonstrated detectable concentrations of - certain

2-10




~ chlorinated volatile organic compounds. Reported concentrations at these locations are

consisient with those observed in well MW-8 located at the northern (i.e., upgradient) property
boundary 6f' the service station, as well as further north of the service station. They are indicative
of the regional impact of the Tutu -Aquifer (northern CVOC plume emanating from the former

LAGA fac:hty) The maximum individual chlorinated volatile organic compound concentration

. detecte‘d iﬁ:v;;}iis”well cluster was 110 pg/L (1,2 DCE).

Phase-separated hydrocarbons have been detected in two areas of the site: 1) proximal
to the USTs and diépenser island; and, 2) proximal to the north oil/water separator. Phase-

separated hydrocarbons present proximal to the USTs and dispenser island have been identified

hydrocarbons in both wells. However, data collected in 1996 demonstrated the presence of

phase-separated hydrocarbons in both SW-3 and CHT-3, with an apparent product thickness
ranging from 0.01 feet to 0.40 feet (Table 2—4). The phase-separated hydrocarbons present in
these two wells are similar and exhibit chemical characteristics of weathered gasoline.
Monitoring well SW-2, located along the eastern edge of t,,:heiglte!li]as never dexndnstrated‘ the

presence of phase-separated hydrocafbons. In addition, monitoring well SW-1, located between

wells SW-3 and CHT-3, and immgdiat'ely ,downgradieﬁt “of the USTs, has ‘als'_o_ never

demonstrated the presence of phase-separated hydrocarbons.
Phase-separated hydrocarbons have consistently been observed in well SW-7 (perched
water zone), located downgradient of the north oil/water separator. Measurements collected in

1996 demonstrated an apparent product thickness ranging from 0.01 to 0.34 feet. Based upon
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. laboratory analytical data, as well as field observations, phase-separated hxdrocarbons present at

SW-7 are distinctly different than those observed at monitoring wéli's SW-3 and CHT-3. The
product sample obtained from well SW-7 was characterized as motor Qil.

A transient occurrence of floating product was detected in mbnitoring wells MW-9 and
MW-9S, located approximately 60 feet south of the north oil/water separator, between
Septeml;eé;r;d November 1992. Specifically, a product sheen was observed on only one
occasior; mwell MW-9S ranging ‘i,n thickness from a sheen to 0.11 feet. Subsequent
measuréétifénts;"d{ﬁrihgv 1994 and 1996 in these two wells demonstrate the absence of a free-
floating product layer. Phase-separated hydrocarbons hav.e not been detected in any other wells.
at or proximal to the Esso Tutu Service Station.

CVOCs were not detected in the product sa:ﬁple collected from well SW-7 screened in
the perched water zone downgradier},tg(fif;flgie north oil/water separator (Table 2-5). The absence

of CVOCs in the product sample wasgonﬁrmed in a split-sample collected by EPA.
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SECTION 3.0

INSTITUTIONAL CONTROLS

The remedy outlined in EPA’s August 5, 1996 ROD included institutional controls for

the site._The institutional controls are required to: 1) place limitations on property usage and 2)

ensure the exc;avatlon/dnsturbance of soil will not occur w1thout a permit. Based on the findings
of EPA’? Ba&gl;:ne Human Health Risk Assessment, surface soil and subsurface soils Were found
to pose éﬁf‘accépfable risk to human health for workers under both current conditions and-a futufe
use scenario involving workers conducting excavation activities. Presently, the service station
property is completely paved and surface soil is not available for contact. The institutional
controls will be the following:

o future property use w1ll bé hmlted to commercial of industrial use only (e.g., not

residential); A ;

e excavation, transportatlon and usage of soil or rock from impacted areas will not

occur without EPA and DPNR ‘approval.

The institutional controls listed above will be implemented by amending the deed to
include these restrictions. If the residual levels of the chemicals of concern present in surface
and subsurface soils >are reduced}through im.plementation of the Source Control Plan, and thereby
pose no significant risk to human health, safety or the envnronment, EPA will be petitioned to

remove the deed restrictions.
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SECTION 4.0

SOURCE CONTROL PROGRAM DESIGN CRITERIA AND OBJECTIVES

The Source Control Program for the Esso Tutu Service Station is desiéned to remediate
petroleum_hydrocarbons and chlorinated volatile organic - compounds present in site soils
(Re'medial:. Work Element I), and dissolved and phase-separated petmle.urh hydrocarbons present
in groundwater emanating from the Esso Tutu Setvice_ Station (Remedial Work- Element II).
Remedié\’il";Wotk'iElementI will incorporate soil vapor extraction and bioventing systems with
treatment via catalytic oxidizer to remediate contaminated soils. Remedial Work Element II will
incorporate manual bailing of free-phase product and a total fluids extraction system with

treatment via air stripper and granular activated carbon to remediate contaminated ground water.

‘This section provides a detailed descmptlon of the objectives, design criteria, and remedial

system components of the Esso Tutu Serv:ce Station Source Control Program.

4.1 Objectives of Source Control Program
Specific objectives of Remedial Work Element I (Soil Remediation) of the Esso Source
Control Program include:

1. Reduction of residual contaminant mass in vadose zone soils. Although vadose zone
modeling of existing soil quality data indicates that-residual contaminant mass will
not leach to the Tutu Aquifer at concentrations that-would result in exceedance of
Federal MCLs, unsaturated zone remediation will be performed because access
limitations proximal to the gasoline dispenser island did not allow for the collection
of potentially “worst case” BTEX impacted soils directly beneath the dispensers.
Therefore, soils with BTEX concentrations which could adversely impact ground-
water quality potentially exist in this area but have not been sampled.

2. Removal of mobile-phase product and dehydration of the perched zone through
manual bailing.and total fluids extraction.
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3: Removal of petroleum hydrocarbons in a state of residual saturation from the
perched ground-water system will require the implementation of soil bioventing.
Although phase-Separated hydrOcar'bons (PSH) in this area exhi'bit a limited quantity

removal of PSH is requl_red by EPA, -----
Specific objectives of Remedial Work Element II (Ground-Water Remediation) of the

Esso Source Control Program include:

1 ‘,-R_eh;'oval of PSH present in on-site and off-site monitoring wells through: 1) total-
- fluids pumping, 2) manual bailing, and 3) deep SVE in the PSH smear zone. PSH
c (gasolme) has been observed mtenmttently at three well locations: SW-3, SW-7, and
. CHT-

2. Remediation of dissolved aromatic compounds in the shallow portion of the Tutu
aquifer beneath and downgradient of the Esso Tutu Service Station. Remediation
efforts are designed, to the extent possible, to reduce concentrations of aromatic
constituents to levels consistent with Federal Drinking Water Criteria.

Elements of each remedial objective are presented below. Remedial system

configurations for Remedial Work Elements I and II are illustrated in Figure 4-1.

4.2 Desxgn Criteria - Remedlal Work Element I (Soil Remedlatlon)

Remedial activities in the vadose zone soils will consist of sqll vapor extraction (SYE)
and bioventing. SVE will' be performed concurrently with dewatering of the perched water-
bearing zone and PSH removal to more effectively achieve contaminant mass removal.
Bioventing remedial activities will be performing subsequent to dehydration of the perched
water zone. Remedial activities in the saturated zone soils will consnst of ground-water recovery
(and associated dewatering) and treatment, as well as PSH removal (see Sections 4.3.1 and
432). ' |

To the extent practical, the site-specific Soil Screening Levels (SSLs) established by the
ROD will be the target contaminant clean;up concentrations for Remedial Work Element I. The

following SSLs for individual contaminants were established for the Esso Tutu Service Station:



. Deptt Site-Specific Soil
Compound (feet below surface) Screening Level

" BTEX Compounds 0.0-87 74 pg/L
CVOCs 0.0-8.7 320 pg/L
BTEX Compounds 8.7-15.0 15 pg/L
CVOCs 8.7-15.0 32 pg/L

lIts“iSr éXpectéd that after a continued period of SVE operation, total cor'itaminant mass ’
removaln or fefnammg concentrations in soils (as measured indirectly through vapor monitoring),
will exhlblt mxmmal change, and begin to approach an asymptotic limit of mass or concentration.
Once the asymptotic limit is reached via SVE, bioventing will be initiated in the area of the north
oil/water separator (see Section 4.2.1.1). Continued bioventing activity will also subsequently
reach a _seCOndary, albeit lower, #symptotic limit. Althou‘gh Remedial Work Element I is
expected to achieve significant soil contaﬁ;inant mass removal, the final asymptoti¢ limit (and its
relationship to the corresponding SSL)cannot be determined with certainty ‘until actual operation
of the remedial system. o

If the asymptotic levels achieved via Remedial Wo;k Element | (i.e., SVE, and where
applicable, bioventing) are less than the SSLs tabulated abové, a request will be submitted to
EPA for approval to terminate soil remediation activities. Should asymptotic levels remain
above the SSLs, EPA/DPNR will be notified and Remedial Work Element I Contingency
Measures described in Section 5.2 will be invoked. A complete analysis of the remedial
system’s performance, the effectiveness of the Contingency ‘Measures, and an evaluation of all
applicéble alternate technologies, will be prepared and submitted to EPA/DPNR for review, if

the Performance Standards outlined in Section 5.1 cannot ‘be achieved for Remedial Work

Element I.
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| 4.2.1 Vadose Zone Soils
For the purposes of this report, the vadose zone is defined as those areas which are
unsaturated, or which will become. unsaturated as a result of ground-wafer and PSH extraction.
The term“s _lv_:‘;:impact'” identifies soils which contain contaminants of concern above EPA’s
SSLs, as presented in the ROD. Two general areas of vadose zon‘e soil impact exist at the Esso
Tutu Serviéé ..}S’tation. These areas of soil impact, and a listing of contaminants detected .above

their r‘esi)éctivé‘“SSLs, are as follows:

Benzene : Toluene

Ethylbenzene Xylene

Benzene - Toluene
Ethylbenzene.” .. - Xylene
1,1-Dichloroethane Tetrachloroethene
1,2-Dichloroethene Trichloroethene

1,1,1‘-Trichl6i65i:hgne

As noted above, the dispenser island/product delivery line area and the north oil/water separator

are characterized by the presence of aromatic constituents. Vadose zone soils proximal to the

north oil/water separator also exhibit the presence of several CVOCs above SSLs.
Remedial activities will be perfonned‘ in two areas of the subject site to reduce

contaminant mass in the vadose zone. The two areas targeféa-.:‘:fOr vadose zone remediation

include the north oil/water separator (including the area south of the separator) and the dispenser

‘island/UST area.
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Vadose zone remedial activities proximal to the north oil/water separator will involve
SVE and bioventing. Initiation of vadose zone remediation will occur contemporaneous with
dewatering of the perched ground-water zone and the removal of PSH, as discussed in Sections
4.3.1 and 43 2 SVE and bioventing will be performed to remove residual contaminant mass
sorbed onto the sonl matrix.

SVE wnll be utilized to remove volatile organic compounds (e.g., BTEX, PCE, TCE, and
DCE) detected ini soil samples immediately west of the north onl/water separator. Bloventmg,
which will be implemented subsequent to SVE operations, will be employed to remediate non-
volatile constituents and petroleum hydrocarbons in residual saturation. The configuration of the
SVE and bioventing systems is presented in Figure 4-l-. |

SVE will be performed at well'sjwi’l and V2 installed proximal to the north oil/water
separator. Well V1 will be locatedf‘gopro)limately 15 feet north of the-separator, while well V2
will be positioned 10 feet south of theseparator (Figure 4-1). The wells will be installed to a
depth of approximately 15 feet, with 10 feet of screen placed in the 5 to 15-foot interval. The 3
to 12-foot ‘interval immediately west of the north oil/water separator represents the zone of
highest volatile organic concentrations in this area, and is the area targeted for remediation. The
SVE wells will be constructed of 2-inch diameter PVC pipe, and completed with a 2-foot square
concrete vault, constructed flush with the surrounding grade (for well coiistruction details, see
Figure 4-2).

Each of the SVE wells will be connected to a PVC m'al\ifold, installed in the main trench

running parallel to the western property boundary (Figure 4-1). The manifold header will be

.-

connected to a vacuum blower, operating at a flow rate of approximately 15-20 cubsic feet per

minute (cfm) per SVE well. Vapors extracted from the SVE wells will be treated via a catalytic



~ - oxidizer unit. Effluent from the catalytic oxidizer will then be discharged to the atmosphere in

accordance with DPNR regulations.
In Figure 4-3, vapor capture zones observed during thie 1996 pilot testing program have

been superimposed on known extent of soil impact above applicable SSLs to illustrate the

calculated/expected zone of SVE/biovent capture. Site data indicate that the spatial distribution

of volatijle;_ofgaii;ic compounds is limited, and that two SVE wells should encompass the area of
concem; At ';;tcsent, it is anticipated that the SVE system will operate for approximately 12 to
24 months. Tilé transition from SVE to bioventing will be determined based upon field
monitoring and/or laboratory analysis of vapor concentrations during system operation, as
discussed in Section 5.1.

Concurrent with, and subsequent to the' SVE program at the north oil/water separator,
bioventing activities will be perform'eaw'?to reduce the mass of the semi- and nonvolatile
biodegradable hydrocarbon compouﬁds. ‘The bioventing program proximal to the north oil/water
separator will consist of two dist;incf areas A description of each of the two areas follows:

1. One area will be used to remove residual petroleum mass immediately adjacent to the
separator. Bioventing in this area will commence upon completion of SVE activities.
Two bioventing extraction wells will be installed adjacent to the separator, BE1 will be
located 10 feet to the northwest, and BE2 will be located 5 feet to the southeast of the
separator, respectively. Bioventing injection will be accomplished through two wells
used to supply air to the subsurface. One well (BI) will be installed as a bioventing

injection well; the second well will be an existing ground-water extraction well
converted for use as a bioventing injection well (G1/B1). No additional construction or
modification to the ground-water extraction well will- be required to implement
bioventing injection. The three bioventing wells will be installed to a depth of
approximately 15 feet, with 10 feet of screen placed in the 5 to 15-foot interval.

2. The second bioventing area associated with the north oil/water separator will be located
south of the separator, in the alleyway between the station building and the southern
property boundary (Figure 4-1). Bioventing in this area, comprised of three extraction
and three injection wells, will commerice: upon dehydration of the perched water zone
and removal of floating PSH, to the extent possible. The bioventing extraction wells
(BE3, BE4, BES) will be installed in a linear east-west array, along the southern portion
of the alleyway. Three shallow ground-water extraction wells (G2/Bl, G3/Bl, G4/BI)
will be converted to injection wells following dehydration of the perched water zone.
These wells are located along the northern portion of the open garage, parallel to the
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extraction wells. This area is interpreted as being proximal to the source of PSH (e.g.,
the north oil/water separator), and therefore thought to be characterized by the maximum
thickness of free product. In contrast to the distribution of contamination adjacent to the
separator, the maximum zone of impact in the alleyway is present at a depth of 9 feet to
12 feet. Soils present at depths shallower than 9 feet have demonstrated the absence of
significant concentrations of volatile organic compounds, as well as other petroleum
constituents.

}Each of the five bioventing extraction wells (BE1 through BES5) and bioventing injection

well Bl wnll Se constructed of 2-inch diameter PVC well pipe, installed to a depth of 15 feet
below grade (for well construction details, se¢ Figure 4-2). Four shallow ground-water recovery
wells will be converted for use as bioventing injection wells, and as such their construction will
be 4-inch PVC (for well construction details, see Figure 4-4). “All wells will be screened from 5
feet to 15 feet below grade to target the interval of maximum residual mass.

Bioventing extraction, wells will be connected to a PVC manifold, installed in a trench in
the central portion of the open garage (F ngure 4-1): The manifold header will be connected to a
vacuum blower, operating at a flow r.agg _of approximately 3 to 5 cfrn per well. Vapors extracted
from the biov.entijng wells will b§ treated ;via the catalytic oxidizer unit installed as part of the
SVE system. If the expected significantly decline in vapor concentrations occurs after continued
operation of the bioventing system, treatment of the extracted air may be changed to vapor GAC,
or the vapor may be discharged directly to the atmosphere iii accordance with DPNR regulgtions.
Bioventing injecﬁon wells will be connected to a sééarately manifolded system used to distribute
“ambient air”. The estimated duration of the bioventing system is approximately 24 to 36
months, with actual termination of the system based upon fiéld measurements and/or laboratory
analysis of vapor concentrations as pért of the system monitoring program, as discussed in

Section 6.1.
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SVE will be performed proximal to the dispenser island, distribution piping, and USTs to
remediate soils impacted by releases of gasoline (Figure 4-1). As.stated previously, soils directly
beneath the dispenser island have not been extensively sampled, however, based upon ground-
water quality data and field observations during the installation of dispenser containment pans in
1995, sonls Jmpacted with gasoline product were present directly beneath the dispensers and the
dlstnbution pmeg In addition, well gauging efforts have indicated the presence of PSH at well
SW-3, located approximately 7 feet south of the dispenser island.

SVE will also be p.erformed immediately south of the USTs, proximal to well CHT-3.
Although this area is not identified as having vadose zone impacted soils, SVE will be performed
to remove sorbed contaminant mass from the fractured bedrock } regimé during ground-
water/PSH extraction activities (see Sections 4.3.1 and 4.3.2).

The SVE program for the di enéer island area will consist of a vertically integrated

extraction network (Figure 4-1) A shallow well V3 (set at a total depth of 15 feet) will be

utilized to remove residual mass directly beneath the pump island, in the mterval from 3 fegt to
10 feet below grade (bedrock is present at depths of 8 feet to 10 feet in the general vvicini‘ty of the
pump island). Vapors will- be extracted at a rate of approximately 20 cfm. Based upon SVE
pilot test activities conducted in September 1996, flow rates of this magnitude will create a
radius of influence which encompasses a majority of the front pomon of the station property,
including the entire dispenser 1sland and significant portlons of the distribution piping area
(Figure 4-3).

Deep SVE wells associated with the SVE dispenser island ﬁetWork (V-4), és well as the
UST area (V-5), will each be utilized to remove residual PSH from the bedrock -aquifér as the
water table is lowered during ground-water remediatidn effort_s,; Operation of SVE in the interval

of 15 feet to 30 feet below grade at each point will remove residual mass smeared on fractured
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bedrock as the water table, and thus free product, is lowered due to fluid extraction activities
(depth to ground water under static conditions is 17 to 20 feet Below grade).. It is estimated that a
vapor flow rate of 15 to 20 cfm will be applied to each location to remove residual mass.

Eacﬁ of the three SVE wells associated with the vadose remediation program in the area
of the di,spgnser_ island and USTs will be constructed of two-inch diameter PVC, with screens
ranging fromlO feet in length (shallow well) to 15 feet (deep wells). Well construction’
diagramé ;rev‘;llus'trated in Figure 4-2. Each vapor extraction point will be completed with a
subsurfa‘;b'é: vat;zlf;:"installed flush with the existing grade.

SVE activities proximal to the dispenser island and USTs are anticipated to require 24
months of operation. Similar to vadose zone remedial efforts in the areas discussed above,
termination of the remedial program will be based upon the ‘rate ‘at which soil vapor
concentrations approach an asymptotic'.::liihit. Performance criteria and monitoring associated

with the SVE system are discussed-in Sections 5.0 and 6.1.

42.13 Remedial Work Element | - Piping System Layout

The piping layout associated with vadose zone remedial efforts will consist of three
manifolded networks (detailed piping layout design drawings are included in Appendix A):
¢ Dispenser Island/UST & North Oil/Water Separator SVE Extraction

e North Oil/Water Separator Bioventing E:gggq_t\i_g_n@

* North Oil/Water Separator Bioventing Injection
One manifold system will connect all SVE wells. The: e‘#tr‘acti‘on manifold will conneét
the three SVE wells located in the UST and dispenser island area. This manifold pipe will be 3-
inch diameter PVC, installed below grade. The extraction manifold will also connect the two
SVE wells proximal to the north oil/water separator. The manifold pipe in this area will be

expanded to 4-inch diameter PVC, installed below grade. Each SVE well will be equipped at the

wellhead with a valve to regulate air flow to allow greater flexibility with respect to altering flow
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rates in various areas and isolating portions of the remedial system. Each SVE well will also be

equipped with a flowmeter (velocity) and vacuum indicator, so that individual air flows can be

" determined for each SVE well.

Two of the manifolds will be associated with the bioventing system, one for the
collecti(?n,,__Qf__ygpors, andb the second utilized to facilitate the injection of ambient air. The
e‘xtractic;n:;.anifold will connect each of the five biovent points within the alleyway andv
proxima%l to the north oil/water separator. Similarly, air injection associated with bioventing
activities will be accomplished through five points, all connected to a single manifold leading
from the treatment area. All manifold pipe will be 3-inch diameter PVC, installed below grade.
Each bioventing well will be eqﬁipped at the wellhead with a valve to regulate air flow to allow
greater flexibility with respect to a»ltering flow rates in various areas and i's,o‘latihg portions of the
remedial system. Each bioventing wellwnll also be equipped with a flowineter (velocity) and

vacuum/pressure indicator, so that ivnél_iyjdual air flows can be determined for each well.

Sail vapors will be extracted from the five SVE and five bioventing extraction

-wells using a skid-mounted, Rotron-brand Model EN-CP6, explosion-proof, regenerative_ blower

(see Appendix B for manufacturer’s specification sheets). Exﬁ@ted vapors will be pulled
through a 30-gallon capacity moisture separator, an in-line ﬁlter,and the blower (see Process
Flow Diagram, Appendix B) The moisture separator is equipped with a probe-controlled pump
which direets accumulated ﬂﬁids to the groﬁnd-Water treatment system’s oil/water separator (see
Section 4.3.1.3). If the moisture separator réaches a high-level faulﬁ or if differential pressures

build up in the in-line filter or the blower, the blower will deactivate and shut down the vapor

extraction and bioventing injection systems. Bioventing injection air will be supplied by a
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regenerative blower equipped with an inletv particulate filter. The injection blower will be
deactiva_ted if differential pressure builds up at the inlet filter or at the blower discharge.

Vapor treatment will be provided by a catalytic oxidizer (ThermTech-brand, Model
#VAC-25, see Appendix B for manufacturer’s specification sheets) which will discharge to the _
atmosphere in accordance with DPNR regulations. Catalytic oxidation is the most appropriate
technolcg;/‘mf"er initially treating system effluent; this technology will provide efficient
destructlon of the elevated vapor concentrations expected during the early operation of the
remedlal 'systen"'l with minimal maintenance and monitoring. For safety and fire code
regulations, the vapor treatment system will be housed in its own tréatment enclosure (see
Process .anc Instrumentation Diagram, Appendi'ﬁ B). The catalytic oxidizing unit will deactivate,
and the vapor extraction system (and bioventing iﬂjection) will turn off, if the unit is not

operating within the proper temperaturesvr“ange, or if influent pressure falls below pre-set levels.

Based on pilot test results, the anticipated air flow from each of the five SVE wells is

estimated at 15 to 20 cfm under 20 inches of water colunin (wc) Antxcnpated air flow from each
of the five bioventing extraction wells is estimated at 3 to 5 cfm at 20 inches wc, for a total
estimated vapcr extraction air flow of 90 to 125 cfin. The.regenerative blower which will be
used for the system has a capacity of approximately 175 cfm at 20 inches wc (a pump curve for
the blower is provided in Appendix B), or an additional capacity'of 50 cfm at the expected
.operating vacuum. This additional capacity should be more than adequate to address potential
expansion of the vapor extraction system, if required, as various SVE and bioventing extraction

wells will be taken “off-line” when asymptotic contaminant mass récovery conditions are
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- reached at individual wells. However, if necessary, the catalytic oxidizer has a maximum

capacity of approximately 225 cfm; an additional blower could be incorporated intp the system
to reach the maximum capacity of the catalytic oxidizer.

Typically, bioventing injection air flow rates are similar to the bioventing extraction rate.

~ The system’s bioventing injection compressor will be capable of delivering up to 12 cfm at 20

inches wc to“'eééh of the five bioventing injection wells. The individual well injection rate can

33"\

be reduced to allow the incorporation of more bioventing injection wells into the system.

iB;sed ui)on calculations of expected contaminant mass (derlved from laboratory analysis
of vapor samples collected during SVE pilot testing in September/October 1996) and expected
vapor flow ratgs, the total VOC mass removed from the subsurface during initial pbrtions of the

SVE/bioventing program will be approximately 5 pounds per day. Vapor calculations are

summarized in Table 4-1a, which incorﬁérétes average soil vapor concentrations obtained during -

pilot‘testing, and Table 4-1b, whxc qbrfpor"at_es maximum soil vapor concentrations obtained
during pilot testing. The catal}:ytgc o:i{ié_iizer is specified to provide a minimum of 95%
contaminant destruction; the resulting air emission contaminant mass from the vapor extraction
system will be approximately 0.019 pounds per day (maximum 0.043 pounds per day).

Influent concentrations to the treatment system will be monitored during system

operation to evaluate whether the vapor-phase treatment technology should be modified (i.e.,

vapor-phase GAC) or elumnated at some point in the future. ; tor*»'to startup of SVE operations,
all applicable air discharge permits will be secured from DFNR. Additional details regarding air

discharge permit monitoring and sampling can be found in Section 6.1.

Remediation of the saturated zone will consist of ground-water recovery (dewatering of

the perched water zone) and treatment, and PSH removal (see Sections 4.3.1 and 432)These
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activities will address recoverable free product and dissolved contaminants. A primary goal of
the overall ground-water remedial system is to expose and/or dewater shallow saturated zone

soils, and thus enhance vadose zone remedial activities such as SVE and bioventing (see Section

42.1).

4.3 DesrgnCrltena - Remedial Work Element II (Ground Water)

Grounli-water remedial activities will consist of PSH recovery and ground-water
reéoveriéf"‘?;nd treatment These activities wii] be implemented in both the perched water—beaﬁng
zone and the shallow portion of the Tutu aquifer underlying the Esso Tutu Service Station.

Recovery of PSH will initially be implemented through periodic manual bailing of

product from appropriate wells and total fluids extraction into an oil/water separator.

‘Termination of the manual bailing program will occur when free product is no longer detected at

signiﬁcant.thicknesses (i.e., greaterthanOOS féet) in area wells.

As s;reciﬁerl in the Tutu Wellﬁel& ROD, the regional aquifer is classified as a potable
drinking water supply. As such, ground-water remediation standards arevd,ictated by Federal
Maximum Contaminant Levels (MCLs) and drinking water standards established by rhe Federal
EPA. Contaminants of concern in ground water (identified in the ROD), attributa_ble to
opérations at the Esso Tutu Setvice Station, are limited to volatile aromatic hydrocarbons
(benzene, toluene, erhylbenzene, and xylenes). Theée compjounds;fizand their associated MCLs,

are as follows:
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Compound Federal MCI

Benzene 5 ug/L
Toluene 1,000 pg/L
Ethylbenzene 700 pg/L
Xylenes 10,000 pg/L

The above concentrations will be used as target cleanup goals for ground-water remedial

actwmes mcluded as part of the Esso Source Control Program The goal of the ground-water
remedlal program will be to reduce the concentration of aromatic hydrocarbons emanating from
the Esso Tutu Servnce Station to Federal MCLs to the extent practical in the localized/shallow

portion of the Tutu aquifér beneath, and immediately'downgradient of the subject station. For

- the. purposes of the Esso Source Control Program, the shallow portion of the Tutu aquifer is

defined as being present within approxnmately 40 feet of ground surface. The spatial distribution

of aromatic hydrocarbons in the ‘shallow_ aquifer was discussed in Section 2.4.

The remedial program for “the Esso Tutu Service Station will incorporate the removal of
phase-separated hydrocarbons (PSH) from both on-site and off-site locations. As previously
discussed, PSH ha_é been observed on an intermittent basis at wells SW—7; CHT-3, and SW-3.
Monitoring well SW-7 is screened in thevperched water zone, which is present south of the north
oil/water separator. Wells CHT-3 and SW-3 are screened in tl;ew;ha!low portlon of the regional
aquifer. CHT-3 is located on the adjacent Splash-n-Dash pr_op‘erty, just south of the existing
Esso UST field, while SW-3 is located proximal to the Esso c!ispemer island.

The extent and distribution of PSH is li_x_.r_lited both horizontally and vertically. The

spatial ex_ter_it"of PSH at SW-7 is li_mited by the size of the pefched water zone, which is

estimated to be less than 2,500 square feet. The absence of PSH in monitoring well SW-1 serves
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o separate the two free product areas observed at CHT-3 and SW-3, which are isolated from one

another by approximately 35 feet.
The maximum “apparent” thickness of PSH ever detected in any well at, or proximal to,
the Esso Tutu Service Station is 0.34 feet (SW-7, September 19, 1996). Although product

baildown tests have not been performed at the Site, field observations suggest that the “true”

thickneés :!S most likely in the range ‘of 0'01 feet to 0.10 feet. This range is supported by well

gaugmgxmformatlon collected during, and subsequent to, pumping test activities which indicated

that free product accumulation in site wells did not exceed 0.05 feet. Using a “true” PSH

thickness of 0.05 feet, tli¢ estirhated product volume at each of the three areas is:

SW-7 230 gallons
CHT-3 15 gallons
SW-3 o 30 gallons

These estimates were calculated usmg an assumed porosity of 0.25 for the uncorsolidated soils

PSH removal in the perched water-bearing zone will be accomplished through total
fluids extraction and periodic manual bailing. The four extraction wells (G1, G2, G3, G4)

installed proximal to the north oil/water separator (Figure 4-I)-wﬂl; each be drilled to depths of

approximately 15 feet below grade. Constructnon of wells wﬂl include the following (for well
construction detalls, see Figure 4-4):
‘e 4-inch diameter well casing and scrcén (PVC);

~e 10 feet of 0.01 slot well screen, placed at depths of 5 feet below grade to the well
bottom;

o 5 feet of well riser placed from ground surface to a depth of approximately 5 feet
below grade; and, ,
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e completion of a well vault flush with the surrounding grade.

" Due to the shallow depth at which the wells will be installed, as well as the anticipated

short duration of the extraction program, it has been concluded that PVC well pipe, and not -

stainless steel, be used for well construction. Each well will be equipped with a pneumatic total

fluids extraction pu‘mp and connected to a manifold system at the on-site treatment area, located

in the northwestem portion of the station property. Based upon pumping test data and site

hydrogeologlc%data, each well will extract water at an estimated rate of 0.25 gpm to 0.5 gpm.
Recovery of PSH will be implemented through total fluids extraction and periodic

manual bailing of product fr’Om appropriate wells. It is anticipated that ground-water extraction

activities in the perched zone proytimal to the north oil/water separator will operate for a period

of 6 to 12 months. Termination of the PSH program will occur when free product is no longer

and elevations of hqulds in each well

Subsequent to completion of PSH recovery and pemhed zone dehydratioh, the
bioventing system will be activated to remove residual petroleum mass sorbed to dewatered
_soils. The bioventing system, as discussed in Section 4-._2.1, will include five extraction wells

and five injection wells.

PSH recovery from the shallow Tutu aquifer will bei‘p'érformed at locations proximal to
CHT-3 and SW-3. Due to the low yield of existing wells in these areas, new wells are planned to

accommodate greater flow rates. PSH recovery within and proxintai to CHT-3 and SW-3 will be
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i accomplished through total fluids extraction and/or periodic manual bailing. Concurrent

operation of the SVE system in these areas will also enhance PSH removal.
One well will be installed downgradient from CHT-3 and one well will be installed

adjacent to SW-3 to facilitate recovery of ground water and PSH (Figure 4-1). Each well will be

mstalled toa depth of 60 feet below grade to facilitate extraction of ground water. Each of the

FRe

v;\‘e(tion of the wells will be as follows (for well construction details, see Figure 4-5):
- 6-ifich diameter well casing and screen (stainless steel);

e 45 feet of 0.01 slot well screen, placed at.depths of 15 feet below grade to the well
bottorn;

o 15 feet of well riser placed from ground surface to a depth of approximately 15 feet
below grade; and,

e completion of a well vault~fﬂﬁ;ﬂ with the surrounding grade.
Despite the fact the two proposed wells are to be completed as bedrock wells, field

observatlons suggest that shallow portlons of the bedrock formation are not competent. As such,
the recovery wells will not be completed as open hole wells.
Each well will contain a dedicated pneumatic pump and will be connected to the

treatment system. The planned extraction rate for each of the two PSH recovery wells is

estimated at 0.5 gpm to 1.0 gpm. Termination of the PSH recovery program will occur when

free product is no longer detected at sngmf' cant thlcknesses (1 e ; greater than 0.05 feet) or is no
longer recoverable from site wells, Subsequent to compleuon of the PSH recovery phase,
pumping activities will continue to recover contaminated’ ground water. Ground-water

extraction from the two wells is expected to extend over a minimum period of approximately 5

years as part of the Source Control Program. A monitoring program will be instituted to

document the absence of PSH from site wells.
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Concurrent witﬁ free product bailiné and the ground-water extraction program; the SVE
system will be activated to remove residual petroleum mass sorbed to dewatered
soils/consolidated rock. The SVE system will include two extraction wells proximal to the
dispenser island, and one well in the area of CﬁT—B. Details regarding the design and operatién

of the SVE system were discussed in Section 4.2.1.

[Rr—

i

The pi’g‘piﬁg» éystem associated with operation of the PSH recovery brogra’m is illustrated
on Figure 4-1. Detailed engineering plans for the piping system and treatment area are included
in Appendix A. Each extraction well will be equipped with a .top-loading, total fluids pump to
maximize thé amount of recovered PSH. Totai fluids extracted from the targeted Wells will be
transferred to the treatment area in‘;ttr"‘e’f!:x/ié;thwestem portion of the Esso Tutu Service Station
property. Extracted fluids Will betransferred via individual piping (PVC hose) from each

l l:?e enclosed by secondary containment lines (4-inch

diameter PVC pipe), which will drain into water-sealed “pulling stations”. The entire piping
system will be placed below grade.

Extracted fluids will be transferred to a manifold at the treatment area and passed
through an oil/water separator (OWS) fc;r gravimetric separation of any PSH that has lbeen
extracted as part of total fluids pumping. Fluids which have acgumulated in the vapor éxtraction_
moisture separator (see Section 4.2.1.4) will also be dlrected to the OWS. A process flow
diagram, which illustrates all components of the treatment ;yi«'stem, is included in Appendix B.
PSH accumulated through the separation process, as well as through manual bailing efforts, will
be disposed at an off-_s’i,te location, to be determined subsequent to waste characterization
analysis. The aqueous phase effluent from the separator will be treated as discussed in Section

432.
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4.3.2 Dissolved VOCs

Ground-water remedial activities will be implemented in both the perched water-bearing
zone and the shallow portion of the Tutu aquifer underlying the Esso Tutu Service Station.

Ground-water remedial efforts will be conducted concurrently with the removal of PSH.

[Rr— g,

As di§t":’if"’ssed in Section 4.3.1; total fluids extraction from the perched water-bearing
zone proximal to the north oil/water separator will be faciiitated through four recovery wells
(Figure 4-1). The objective of the extraction process in the perched water-bearing zone will be

to dewater this unit so that SVE and bioventing operations will be able to more effectively

‘remove contaminant mass. As such,the four extraction wells will function as well points,

serving to draw down the level of wat IiléOughout the entire perched zone.

In cénjunction with dewatermg ’a:i:tivitieé in the area proximal to the north oil/water
separator, the source qf the water to this unit will be identified and mi.tigated to the extent
possible. Based upon field observation recorded in 1993 and 1996, there does not appear to be

any horizontal flow of water onto the Esso Tutu Service Station that is contributing water to the

perched zone. At present, it is believed that the source of water in the perched zone is related to

the cistern located beneath the station building, or infilgratmn of storm water through
cracks/voids in the pgve_‘m_eni; Idéntiﬁcation of the actual fso;ur‘ce of water will be performed
through an evaluation of cistern integrity. .

The four extractidn wells to be installed proximal to the north oil/water separator will
each be drilled to depths of approximately 15 »feet‘ below grade. Construction of wells will
include the following (for well construction details, see Figure 4-4):

® 4-inch diameter well casing and screen (PVC);
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o 10 feet of 0.01 slot well screen, placed at depths of 5 feet below grade to the well
bottom;

e 5 feet of well riser placed from ground surface to a depth of approxlmately 5 feet
~ below grade; and,

e completion of a well vault flush with the surr'ounding grade.

Each weil will be equipped with a dedicated total fluids pump, extracting liquid at a rate

of 0 25 gﬁm to 0 5 gpm. Data from pumping tests conducted as part of the Remedlal Action
Work Plan demonstrated that the perched water-bearing unit can sustain pumping rates of -

approximately 0.5 gpm. It is estimated that the dewatering system will operate for a minimum

period of approximately 6 months.

The ground-water remedigl;"]:}regfrain has been designed to achieve two principle

objectives: 1) reduction of aromﬁii 'erocarbon mass in the defined BTEX plume; and 2)
establish localized hydraulic control tog‘“p;'revent BTEX plume expatision.’ The ground-water
remedial system associated with the localized/shallow portion of the Tutu aquifer is expected to

operate until concentrations in ground water are reduced to MCLs, or until concentrations

demonstrate an asymptotic relationship with respect to time. Consistent with the objective of the

Esso Source Control Program, remedial efforts associated wit | 1s.‘port10n of the Tutu aquifer
are desxgned to address contamination in shallow portions df the bedrock aquifer. The Source
Control Program has not been designed to address chlorrrlgted volatile organic compounds
(CVOCs) associated with the “Northern CVOC Plume”, Which emanates from the Curri'culdm
Center, or the “déeep” BTEX plr.lme which emanates from the Texaco Service Station.

Ground-water extraction activities will be employed to address dissolved BTEX

contamination. The ,doanradient extent of the dissolved BTEX plume is defined by wells MW-
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.~ 10, MW-10D, CHT-7D, and MW-9. Although wells CHT-7D and MW-10D are deep wells, they

provide information regarding the vertical limits of BTEX contamination.
Four deep extraction wells (G5, G6, G7, G8) will be installed to achieve the stated goal

of arresting plume eéxpansion and reducing contaminant mass. Three of the four extraction wells

 (G6, G7 and (38 approximately 80 feet south of the property line) will be installed near the

, downgradient border of the Esso Tutu Service Station, while the fourth well (G5) will be placed

proxuna] to the dlspenser island (see Figure 4-1). New extraction wells will be installed at each
of the four locatlons to facilitate requisite pumping rates. Construction of the four wells will be
as follows (for well construction details, see Figure 4-5):

¢ total depth of approximately 60 feet;

e six inch diameter well;

e well screen placed from 15 feet to 60 feet below grade;

e stainless steel we‘v screen (0.01 slot) and riser plpe and,

e well vault con;gle_tedz fl_ush with existing grade.

Installation of wells to 60 feet (versus approximately 35 feet in existing monitoring wells) and
increased well diameter of 6 inches should allow for greater pumping rates. This well
configuration will produce an estimated sustainable pumping rate of 1.0 gpm per well.

Analysis of pilot test data indicate that the four deep extraction wells (G5, G6, G7, G8)

will achieve the stated goal of arresting plume ‘expansio’rl and reducing contaminant mass.
Figure 4-6 was generated using an analytical hydraulic modél%—(Quick Flow) with the following

input parameters:

Hydraulic Conductivity 0.144 ft/day
Agquifer Thickness 40 feet
Hydraulic Gradient 0.03
Storativity 0.00001
Porosity 0.1

Pumping Rate : 1.0 gpm
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Figure 4-6 indicates that the four wells should achieve complete hydraulic control across the site
at a pumping rate of 1.0 gnm, and prevent plume expansion. Tl1e‘do‘anfadient extent of the
capture zone developed by each of the extraction wells has been calculated to be appiroximately

10 feet. Figure 4-7 depicts the calculated/expected hydraulie capture zones that will be

generated wfesult of operation of the SCP, superimposed on the area where benzene exceeded

kY
It \

the Federal ‘*MCL illustrating that the four deep extraction wells will provide maximum
reductlon of contammant mass. Field monitoring will be conducted subsequent to system start-
up to confirm that sufficient capture has been generated (see Section 6.0).

Although the dispenser island extraction well (G5) will not be utilized as a mechanism

for plume capture, this Well will also be pumped at a rate of approx_imate_ly 1.0 gpm. The

‘objective of pumping this well is to remove PSH which may be ﬂoatmg on the regional water

: ’s

table, and to effectively extract dlssolved aromatlc hydrocarbon mass in the source area.

The ground-water remedlatnon program will likely operate for a penod of 5 years to 10
years. The compound controlling the anticipated duration is 'benzene, and its associated drinking
water standard of 5 pg/L. Actual terinination of the regional aquifer ground-water remedial
program will be based upon adherence to Federal MCLs, or achievement of asymptotic
concentrations. Data utilized to assess termination of the remediwaml: system, as well as system
effectiveness, will be collected.through insﬁtutign of a site cé;mplian;e monitoring program (see

Section 6.0).

Ground water will be recovered from each extraction well via dedicated, total fluids,

pneumatic pumps. Pneumatic pumps have fewer movirig parts than, electrical pumps and

generally provided a higher degree of rel‘iability in environments where frequent pumpcyclmgls
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expected. Using pneumatic pumps also eliminates the necessity of running electrical power to

each wellhead and constructing each wellhead as an explosion-proof work area. Ground-water
extraction wells in the perched water-bearing zone will utilize 2”-diameter pumps. Extraction

wells in the shallow portion of the Tutu aquifer will utilize 4”-diameter pumps. Compressed air-

will be delivered through a manifolded system and vented at the individual wells. The air

compresi‘sér‘ ill be housed in the ground-water treatment system enclosure. Each pneumatic

pump 1s q'ql;il;ped with an air regulator so that pumping rates can be regulated at individual

extra_c‘ti_c;'h“‘;‘“weliﬁf.z‘“ Each extraction well has a dedicated, in-line flowmeter to monitor individual
ground-water extraction rates:

Ground water extracted from both the perched water-bearing zone and shallow aquifer
will be transferred to the on-site treatrrienf system a_ccofding to the schematic presented in Figure

4-1. For ease of operation, it has beepiafdébided that individual piping systems will transfer fluids

recovered from each extraction wg_l'l.f'; Remedial activities related to the shallow Tutu Aquifer are

expected to require several more yearsthan the perched extraction system, the latter is assumed
to yield a larger volume of PSH. |

Extracted ground water will be transferred via individual 0.5-inch diameter piping (PVC
hose). Each recovery line (and compressed air line) will be enclosed within secondary

containment (4-inch diameter PVC pipe) extending from the

llhead to the treatment area.
Detailed engineering design plans for piping and trenching n are provided in Appendix-A.
Réco?ered fluids will then be directed to an OWS, with subséqi;ent treatment of water via a low-

profile air stripper and aqueous-phase granular activated carbon (GAC) before ultimate discharge

(see Process Flow Diagram, Appendix B). Recovered PSH from the oil/water separator and‘

manual bailing activities will be containerized for ultimate off-site disposal.‘
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Total fluids recovered from each extraction well will be directed to a treatment building

- (40-foot long éh_ipping container) installed in the northwest corner of the Esso Tutu Service

Station. The treatment building will be partitioned into rated (explosion-proof) and non-rated

ot

areas. All -equipment in the rated portion of the building will be manufacturer-certified as

explosncm-'proofi

Indlwdual extraction lines will be manifolded upon entry to the treatment enciosure (see
Process’ Flow Dlagram Appendnx B), and process flow directed to a Great Lakes OWS (see
Appendix B for manufacturer’s specification sheets). The OWS will gravimetrically separate
PSH from recovered ground water. A decanting valve allo;vs recovered PSH to flow to a 55-
gallon capacity PSH holding tank (see Process aﬁd Instrumentation Diagram, Appendix B). The

PSH holding tank is equipped w1th a hlgh-level fault which deactivates the ground-water

recovery system when the tank is full  : e rem_edlal system’s telephone dial-out feature will be

configured to notify the operator whene\'ei the system is deactivated due to this control fault or

other system control faults discussed below.
Gravity will direct process flow water from the OWS to a 500-gallon holding tank. A

sequestering agent, design to prevent iron and manganese precipitation from fouling the air

stripper, will also be added to the holding tank (see below). The sequestering agent will be

hydrated in an 85-g‘ab_llo'n capacity, dhemical;holding tank equ;];ped With a mixer. A calibrated
dose of the sequestering agent will be directed‘to the holding’ tank by a metering pump.

The holding tank will allow equilibration of: _l)‘f‘ré”covered grouﬁd water 'with the
sequestermg agent, and 2) individual pump cycle “slugs” containing elevated contammant
concentrations. The holding tank also acts to “balance” the flow rate to ‘the alr stnpper,
maximizing residence time and a_l,lowmg more effective treatment. The holding tank will be

eﬁ'uippéd with a pair of level probes which will activate/deactivate a downflow transferpump

4-24



- The holding tank will also be equipped with a high fault which will deactivate the ground-water

extraction system.

Process water from the holding tank is directed by a centrifugal transfer pump through a

pre-stripper filter. The filter will remove suspended sediments recovered by the total fluids

pumps. _The fjﬁ!*ter is equipped with a differential pressure switches that will deactiyate the

transfer pumpand the air stripper if the filter becomes clogged (differential pressure exceeds 15

psi). Processwater is then directed to a ShallowTray-brand Model 2341, low profile air stripper

i
for treatment.

Process water will enter the top of the air stripper and cascade down via gravity through
a series of four trays equipped with aerators. The air stripper is equipped with a 300 scfm blower
that will pull in ambient outside and indoor al;r from the treatment enclosure (to remove any
fugitive indoor vapors) through an m-lmg ﬁlté‘r_/sil_encer and force the air upwards through the
trays. The forced air causes volatlzatlon of contaminants in the process water; volatized
compounds fr‘bm the process wa;tégr enter the process air stream and #fe discharged to the
atmosphere in accordance with DPNR permit regulations (see Section 6.2). Process water
accumulates in an air stripper sufp and is removed from the air stripper by a transfer pump that
is activate/deactivated by a pair of level probes.

The air stripper sump is equipped with a high level fault that will deactivate the ground-
water recovery system if water accumulates in the sump. 'I?hg««-air‘-fs;_ripper_and the air filter are
equipped with air flow s@itches which will deactivate theé ground-water extraction pﬁmps if
insufficient air flow is moving through the air stripper. Thxs insures that water will not flow
through the system unless it is undergoing proper treatment.

Process water from the air stripper is directed by a centri'ﬁ)gél transfer pump through an
i‘n-li'né filter bank. The two filters, which are present to remove finer particles (including

H
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" vessels, are arranged in parallel to allow continued operation of the treatment system during

filter changeouts. The filter bank is equipped with a differential pressure switch similar to the
pre-stripper filter that will turn off the transfer pump if both filters become clogged (differential
pressure exceeds 15 psi).

After _g§§sing through the filter bank, process water receives final “polish” via two, 55-
gallon éapac'ity:;(200 pounds of carbon) GAC véssels arranged in series. Although design

calculatigqgﬂié. (Sectlon 4.3.2.5) indicate that no secondary treatment (GAC) is required, the GAC

EREAN

vessels ar; incorporated into the treatment System as a precautionary measure. The GAC vessels
will bé equipped with appropriate valving and sample ports to allow uncqnsﬁ‘éined carbon
changeouts and compliance sampling. If the primary GAC is receiving excess pressure (more
than 15 psi), a pressure relief valve will direct process water away frof the primary GAC and
back to the air stripper sump, and a dnfferentlal pressure switch will turn off the transfer pump. -
Subsequent to .tr‘eatm'ent, efﬂuent\,{véé‘rwj‘« w1ll be discharged to the storm sewer in Four Winds

Plaza (Turpentine Run) in accordance with' Esso’s TPDES permit (Permit #VI00040703).

The ground-water treatment system, which incorp'orates a low-profile air stripper and

secondary GAC carbon, is similar to treatment operations conducted by EPA implementation of

the RI. Air stripping has consistently demonstrated effectivéri?ss«ég;i efficiency during previous
studies at the Tutu Wellfield site, and represents the mpst% applicable technology fbr treatiné
coqstituents detected at the Esso Tutu Service Station. Ev‘t;ni‘though the air stripper has been
d_ésigh'e’d to provide removal of target compounds to less than the dfscharge limits specified in
the facility-’s TPDES permit (see Section 6.2), processed water from the ai_rbstrippe'r will also
polished with ‘aqueous-phaﬁe GAC. GAC canisters (two units) will be installed in series to

provide secondary treatment and to facilitate compliance manitoring.
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Based on pilot test.results, the anticipated recovery rate from the four “deep” ground-

water extraction wells will be from 0.5 to 1.0 gpm; each of these wells will be equipped with a

- pneumatic pump capable of pumping at 2.0 gpm under anticipated field conditions. The

anticipated recovery rate from the four “perched water” extraction wells is 0.25 f_o 0.50 gpm;

each pneumat;ct pump installed in these wells will be capable of pumping up to 1.0 gpm under

field corldmonsj The total pumpirig rate from the eight extraction wells is estimated at 3 to 6
gpm, alth;ugtr the recovery rate may be slightly higher during initial system operation. The SVE'
system fnmsture separator (see Section 4.2.1 4) may also contribute up to 1.0 gpm to the system.
The OWS, centrifugal transfer pumps, filter housing, and particulate filters can all
operate at sustained flow rates of 15 gpm or greater. The GAC vessels are rated to a maximum
of 15 gprh. As designed, the ground-water recovery and treatment system’s capacity is limited
by performance of the air stripper (see dlscussmn below) The treatment system is designed to
operate at sustained flows of 12 gpm, provndmg approximately 100% additional capacity under

conditions expected during the ﬁrst year‘;of operation. If necessary, the system can operate

within performa_r‘i_ce‘ standards at 15 gpm for short intervals, providing an additional safety factor.
Also, after a period of 6 to 12 months of continued system operatjon (and subsequent dewatering

of the perched water zone), recovery rates from the four perched water wells will be negligible,

Laborator_y a;_lalytical results from ground-water samples-~-collected during the RD pilot:
testing program (September/October 1996) were used toff dierive mass-loading calculations.
Representative well(s) in the vicinity of each groundewater‘reéovery well were used to predict
contaminant concentrations during system operation. Concentrations were werghted according
to expected well yield. Table 4-2 lists the representhfive wells selected for each extraction well,

expected well yields, and ground-water contaminant estimates used for system design.
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The air s,trip.per selected for Remedial Worl'c Element II was designed such that at a flow
rate of. 15 gpm and contaminant concentrations outlined in Table 4-2, the air stripper would
reduce contaminant concentfat_iqn to meet the dischafge limits stipulated in the site’s TPDES
permit (see Section 6.3). The air étrippe’r was designed using the manufacturer’s proprietary

software (ShallowTray Modeler v. 2.1W). A description of the software is included in Appendix

PrOJected treatment efficiencies based on estimated system contaminant concentrations
are lOO‘%“ilO gpm flow rate), 100% (12 gpm), and 99.9997% (15 gpm). Results of the modeling
(Appendix B) indicate that benzéne, toluene, and xylene concentrations after treatment via air
lowest discharge limit (15 ppb), the modeling results demonstrate that the air stripper will
provide effective treatment to the -prché;‘.;/ater flow At the operational flow rate of less than 10

gpm, and at the projected maxlmum i w rate of 12 gpm.

at ;f;totfal air emissions from the air stripper will be

Mass calculations indic‘atg th

approximately 0.078 pounds per hour. This estimate is defi'vgd assuming design volatile organic
concentrations (see Table .4-2'), 100 percent removal efficiency of fhese constituents dun'ng
residence time in the air stripper, and an operational flow rate of .6 gpm. Under similar
assumptions, total air emissions from the air stripper will be

approximately 0.130 pounds per

ow rate of 12 gpm. Air striper

hour at a flow rate of 10 gpm, and 0.156 pounds per hour at a-fl
;-:mission calculations are summarized in Table 4-3. Based upon these calculations and DPNR
permitting (see Section 6.3), vapor-phase treatment of air ‘isti‘ipper emissions is not required.
However, because the cétalytic oxidizer used in Remedial Work Element I possesses additional
capacity (see Section 4.2.1.5), _the‘ Remedial Work Element 'II treatment system will be

configured so that a pdrtion_ of the air stripper off-gas can be directed to the catalytic oxidizer for

treatment.
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~Influent concentrations to the treatment system will be monitored during s:yst,em
operation to determine whether treatment technology should change subsequent to start-up.
Prior to startup of ground-water extraction and treatment operations, all aﬁplic’able air discharge
permits will be secured from DPNR. Additional detailed on air disché&ge peﬁnit m,oni'toring and

sampling can be found in Section 6.2.
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SECTION 5.0

SOURCE CONTROL PLAN PERFORMANCE CRITERIA

5.1 Performance Criteria - Remedial Work Element I (Soil)

Rernedial activities aSSOciated with Remedial Work Element I will consist of SVE

P

system pperat}on and bioventing. SVE wﬂl be performed concurrently with dewatermg of the

'perched Watcr&beanng zone (and PSH removal). Bioventing remedial activities will be

: g :
performmg subsequent to dehydration of the perched water zone. Details of the remedial

activities to be performed in conjunction with Remedial Work Elejment I are provided in Section
4.2.
System monitoring will be performed throughout the duration of soil remedial activities

i monitor contaminant mass removal, and 2) confirm

3
[

to: 1) ensure technology effectiveness;.

vapor capture areas. Performance fnénité)ring activities for the SVE and bioventing systems will

.y

include: 1) the collection of vapor samples to quantify the total mass of hydrocarbons removed,
2) the measurement of vacuum levels at extraction wells and vapor monitoring points to
determine the effective radii of irifluence, 3) the collection of water levels to confirm dewatering

of the perched water zone (necessary for initiation of bioventing), 4) the collection of vapor

samples to confirm bioventing effectiveness, and 5) vapor - eatment off-gas monitoring.

Sampling protocol and other monitoring activities associ,a,te?d? E‘:the SVE/bioventing system
are outlined in Section 6.0. |

Vapor samples will be collected from individual SVE wells to determine contaminant
mass removal (nee Section 6.0). It is expect_ed that after a continued period of SVE operation,
total contaminant mass removal, or remaining concentrations in soils (as measured indiréctly

through vapor monitoring), will exhibit minimal change, and begin to approach an asymptotic

limit of mass or concentration. Orce the asymptotic limit is reached via SVE, bloventmgwrllbe
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initiated in the area of the north oil/water separator (see Section 4.2.1.1.1). Continued bioventing

activity in this area will also subsequently reach a secondary, albeit lower, asymptotic limit.
Each SVE well is equi'pped‘ with a vacuum gauge to measure applied vacuum at the
wellhead: Vapor monitoring points (VMPs) in the vicinity of the SVE wells will periodically be

fitted W1th a well seal and vacuum gauge to measure the iriduced vacuum at the VMP. Figure 4-

3 deplcts the predlcted radii of influence for the SVE system based on pilot testing data.

Ana_lys:§ of th induced vacuum data collected during remedial system operation will provide the

o

actual radius 6f“"zi’_nﬂue_n0e for each SVE well under field conditions. Based on these data, the
applied vacuum at individual SVE wells will be adjusted (via valving at each wellhead) to
maximize/optimize contaminant mass removal from each SVE well.

Initiation of bioventing in the area proximal to the north oil/water separator is predicated

on the dewatermg of the perched water table Data collected from the weekly liquid level

measurements obtained during the_-"f year of system operation will be used to determine when

the perched zone has been dewateredand o‘;peration of the bioventing system can begin.

The bioventing system will consist of a series of injection and exﬁaction wells (see
Section 4.2). In the subsurface, the concentration of oxygen ié often the most important limiting
factor on biodegradation. The injection of ambient air (containing approximately 20.8% oxygen)
via the bioventing system should stimulate microbial activity and associated biodegradation.
The bioventing extraction wells will help to convey and dlstnbu& ﬁe injected air from the
injection well, and exhaust the oxygen-depleted air and blodegradatlon byproducts, such as
carbon dioxide. : ‘ -

Once the bioventing system is oﬁerational, vapor samples will be collected from
individual bioventing extraction'we_lls (see Section 6.0) and screened for oxygen, carbon dioxide,

and methane concentrations. VMPs can also be monitored for the same gasses to determine the

area of bioventing influence. Increasing oxygen levels (and decreasinig carbon d:oxxdeand
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" methane concentrations) over time will indicate bioventing system effectiveness. Hydrocarbon

biodegradation rates can be quantified using stochiometric equations (developed in Hinchee, et
al, 1992) which incorporate oxygen utilization rates (and/or carbon dioxide production).
During operafion of the SVE/bioventing systems, extracted vapots will be treated via

ion. Vapor samples will be collected from the system influent manifold and the

b

catalytic oxidat

cataly’ticf oxxdwer effluent to deteriine the effectiveness of the catalyst and to ensure compliance
with all dlgcharge rlequ'irements.

To thé é;*étent practical, the site-specific SSLs established by the ROD will be the target
contaminant ciean-up concentrations for Remedial Work Element I. As discussed above,
conMin@t levels will reach an asymptotic limit after continued operation of the
SVE/biovenﬁng sysfems. Although Remedial Work Element I is expected to achieve significant

soil contaminant mass removal, the/ﬁﬁal asymptotic limit for a given compound (and its
FAVAE

relationship to the corresponding SS wggjnhot be determined with certainty until actual operation

.

of the remedial system.

[

Data collecfed from the SVE/bioventing mdnitoriﬁg program will be used to calculate
the removal of pétroleilm mass from the subsurface and determine the schedule for system shut
down. Once site data indicate that the hydrdcarbon concentrations have reached an asymptote,
confirmation soil sampling will be implemented adjaceﬁt to and Wsputh of the north oil/water
separator, in the vicinity of the dispenser island, and dbwngraéd_ipntv«ﬂ‘ém the UST tank field.

The confirmation sampling program will include two borings drilled adjacent to the

north oil/water separator, three borings drilled south of the ‘és*éparator in the alleyway, and two

borings drilled south of the dispenser island. One soil sample will be obtained from each boring,

- at the interval which demonstrates the greatest petroleum impact. Sample selection will also be

based upon field criteria, specifically, PID readings, visual and olfactory observations, and depth.

Soil confirmation samples will be analyzed for volatile organic compounds by EPA Method
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8240, polycyclic aromatic hydrocarbons by Method 8310, and petroleum hydrocarbons (e.g.,

gasoline- and diesel-range organics) by Gas Chromatography, EPA Method 8015A.

Analytical data obtained during the confirmation program will be compared to the site-

‘specific SSLs. If the data indicate that soil contaminant concentrations achieved via Remedial

Work Element I. are reduced to less than the site-specific SSLs, a request will be submitted to

EPA for ipproval to terminate soil remediation activities. Should asymptotic levels remain -

above the SSLs EPA/DPNR will be notified and Remedial Work Element I Contmgency‘

'f
: :

Measurés™ descrlbed below in Sectlon 5.2 will be invoked. A complete analysis of the remedial
system’s performance, the effectiveness of the Contingency Measures, and an evaluation of all
applicable alternate technologies will be prepared and submitted to EPA/DPNR for review, if the

original Performance Standards cannot be achieved for Remedial Work Element I.

5.2 Contingency Measures -Re edlgl Work Element I (Soil)

As discussed above, tﬁe Sbérce‘(?lc%ntml Program (SCP) at the Esso ’fﬁtu Service Stétion
will utilize SVE and bioventing remedial technologies during the execution of Remedial Work
Element I. The SCP has been: formulated based upon existing site empirical data and best
professional judg’mﬁn‘t, and is consistent, to the extent possible, with the Tutu Well field ROD.

Certain efforts will be instituted to monitor the eﬁ’ectlveness of the remedlal program and to

identify problems as they arise. Specnﬁcally, the followmg contmgencnes will be

evaluated/implemented pending on-site developments:




The vadose zone remedral program w1]l mcorporate bioventing and SVE to reduce
contaminant mass. Although vadose zone modeling indicates that existing soil
concentrations are protective of ground-water MCLs, remedial efforts are proposed
to remove contamiriant mass in areas which may not have been fully investigated or
which may have been associated with a measurable quantity of phase-separated
hydrocarbons. As part of these efforts, certain assumptions have been incorporated

..in the layout of bioventing and SVE wells so that a ma_ponty of contaminant mass:
- may be recovered.

) ;Collectlon and analysis of extractron well vapor samples, quantitative analysis of

soil samples, and field monitoring of subsurface air pressure/vacuum will be

. performed to evaluate contaminant mass removal from the vadose Zone, and

deterinine SVE well radii of influence (see Section 5.1). Should these data indicate
that remedial efforts are not effectively reducing contaminant concentrations, or that
insufficient radii of influence are being produced, alternative measures will be
considered. These measures could include: installation of additional SVE/bioventing

~wells to increase the areal extent of system influence, soil excavation/disposal, and

other potentially applicable technologies such as enhanced bioremediation. The
discussion to implement any/all of these measures will made after a completion
evaluation of the data and disg;ssions with EPA/DPNR.

The dewatermg program for the perched water-bearing zone is based upon the
assumption that the soureeof water is identified and mitigated. At present, the most
likely source of water is considered to be the station cistern and/or infiltration of
storm water beneath the station building. In conjunction with implementation of the
dewatering program, the source of water will be c_onfirmed and mitigated.

Implementation of bioventing in the area proxrmal to the north oil/water separator is
predicated on the ability to remove most, if not all, water present in the. perched
zone. The monitoring programs in this area will include the collection of water level
data to determine the system’s effectiveness in dewatering this area. If the perched
zone cannot be dewatered utilizing the existing system, an alternate program will be
developed to reduce contaminant mass in this : ‘area: Potentxal alternatives could
include simultaneous operation of fluid extractlon and bioventing systems,
installation of additional dewatermg wells, and soil excavation/disposal.

Compllance momtormg wﬂl be 1mplemented to ‘ensure that discharge requirements
are satisfied. The program for confirming compliance will be consistent with
specifications stipulated in the Air Pollution Control Permit issued by DPNR.
SVE/bioventing vapors will treatment will be provided by catalytic oxidation. This
technology is normally an extremely effective means of contaminant removal and
destruction, and it is also possible that vapor concentrations generated over time will
decline to concentrations that will not require treatment. However, should
compliance samples indicate that air emissions exceed applicable limi
modifications to the existing treatment program will be developed.
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modifications could include replacement of the existing catalyst and/or installation
of additional catalyst units to provide higher treatment efficiencies. These measures
will be implemented as necessary to ensure thiat the operation of the SVE/bioventing

system complies with all EPA/DPNR discharge requirements.
If any of the above concerns develop during the course of the SCP, EPA/DPNR will be
notified and included in discussions related to evaluation and selection of alternative programs.
As dlstsms"éa bove, many of the contingency issues are predicated on the collection of site

monitorin‘g’ .and compliance data. Section 6.2 summarizes the compliance monitoring program

that wi'lli?i be iniplgmented as part of the Esso SCP.

53 Performance Criteria - Remedial Work Element II (Ground Water)
System monitoring will be performed throughout the duration of ground-water remedial
efforts to ensure system effectiveness and to evaluate performance criteria. Specifically, the

monitoring program will be ut‘ilizec;ffb‘{ 1) confirm dissolved mass removal in the source area, 2)

[

confirm the absence of plume exghlésion; V\jithi_n the shallow bedrock aquifer beneath the station,

3) ensure sufficient hydraulic ca‘iStilre a{ldng the southern boundén‘-y of the Esso Tutu Service
Station, and 4) monitor PSH removal effort.
Performance monitoring activities for the SVE and bioventing systems will include: 1)

collection of _gropnd-water quality samples from the system to quantify the total mass of

hydrocarbons removed, 2) collection of ground-water q 1ty samples from individual
recovery/monitoring wells to monitor the spatial distributioh of the contaminant plume, 2)

measurement of liquid levels at extraction wells and monitori:ng points to determine the effective

radii of influence, 3) collection of liquid levels to confirm dewatering of the perched water zone

~.and removal of PSH, and 4) treated ground water and air stripper off-gas monitoring. Sampling

protocol and other monitoring activities associated with the ground-water extraction system are

outlined in Section 6.0.
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 for each extraction well and the sy§t2
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Ground-water qﬁality samples will be collected from system influent to calculate
contaminant mass removal (see Section 6.0). Ground-water quality samples will also be
collected from individual recovery/monitoring wells to track the areal extent and magnitude of
the contaminant plume and cbnfirm the absence of plume expansion beneath the Esso Tutu

Service Station.

Ground §vater quallty data will be used to determine system effectiveness. It is expected
that after a contmued period of ground-water extraction, the system’s total contaminant mass
removal“(and w1nd1v1dual well contaminant concentrations) will exhibit minimal change, and
begin to approach an asymptotic limit of mass or concentration. Once the asymptotic limit is
reached,. termination of Remedial Work Element II will be evaluated (see beldw).

Weeklly‘liqui_dsleVel data will be collectéd from all on-site and proximal wells during the

first year of ground-water extractlonThls data will be used to calculate the radius of influence -

’s év’e‘rall capture zone. Figure 4-7 depicts the predicted
radii of influence for the ground—wate;";;'slzm based on pilot testmg data. Analysis of the liquid-
level data collected during remedial system operation will provide the actual area of hydraulic
control for each ground-water extraction well under ﬁeld conditions. Based on these data,
pumping depths/rates at individual ground-water extraction wells will be adjusted, if necessary,

to ensure sufficient hydraulic capture along the southern bou / of the Esso Tutu Service

Station and prevent plume expansion within the shal low‘bedrt;)cilhe-aqliwifer‘- beneath the station.
“Effective treatment of the perched water zone is pre&icated on the dewétering of the
perched water table. Data collected from the weekly liquid éii'e;rel measurements will be used to
determine the effectiveness of the dewatering effort.
System rﬁonitoring will be performed throughout the duration of the PSH recovery

program to ensure system effectiveness. The PSH recovery program will be terminated when
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- free product thicknesses are consistently less than 0.05 feet in all on-site and proximal wells for a

period of 12 consecutive months. |

During the operation of Remedial Work Element 11, total fluids extracted by the system
will be process_ed through an oil/Water separator and treated via air stripping. Water samples will
be collected before and after air strlpper treatment, and air ‘stripper off-gas samples will be
collectegl,‘?;;ensure system effectiveness and compliance with all dis_charge requirements.
Althougil thealr stripper has been sized and designed so that processed water will meet all
dlschargerequnrements, as a precautionary measure the treated water will also be directed
through primary and secondary granular activated carbon (GAC) vessels, whi‘ch will provide a
final “polish”. Water samples will be collected from primary GAC effluent (mid-GAC) on a
periodic basis to monitor GAC loading. Monthly water samples wili be: collected from
-secondary GAC effluent (final dlscharge) for TPDES compliance monitoring.

Data collected from the momtonng program, as outlined in Section 6.0, will be used to
determine the schedule for system shut down qumd-level data and ground-water quality data
will be obtained thmughout implementation of the SCP, estimated to last for a minimum of 5
years. These data will be utilized to confirm the absence of plume expansion, and document

hydraulic captute and mass removal.

Termination of Remedial Work Element II efforts B

the shallow bédrock aquifer
beneath and downgradient of the Esso Tutu Service Station wnll-wbe based upon compliance with
Federal MCLs to the extent practical, or the observation of asymptotic concentrations. As
discussed in association with Remedial Work Element I, diss’b‘li/ed contaminant levels will reach
an asymptotic limit after continued operation of the ground-water extraction sy‘stemA.\Altlivhough

Remedial Work Element II is expected to achieve significant PSH and dissolved contaminant

mass removal, the final asymptotic limit for a given compound (and its relationship to the



- - corresponding SSL) cannot be determined with certainty until actual operation of the remedial

system.
Data collected from the ground-water monitoring program will be used to calculate the
removal of petroleum mass from the subsurface and determine the schedule for system shut

down. Once s:te data indicate that the hydrocarbon concentrations have reached an asymptote,

analytlcal ta’ obtamed during the monitoring program will be compared to the MCLs. If the

data mdlca

fthat ground-water contaminant concentrations achieved via Remedial Work
Element II are reduced to less than the MCLs, a request will be submitted to EPA for approval to
terminate ground-water remedial activities. As stated in the UAO, subsequent to achieving these
standards, three annual confirmatory sampling events will be performed.

Should asymptotic levels remain above the MCLs, EPA/DPNR will be notified add

Remedial Work Element II Contmgency Measures described below in Section 5. 4 will be

invoked. A complete analysis of remedlal system’s performance, the effectlveness of the

Contingency Measures, and an evaluatlon of all applicable alternate technologles, will be
prepared and submitted to EPA/DPNR for review, if the original Performance Standards cannot

be achieved for Remedial Work Element IL.

S4  Contingency Measures - Remedial Work E_lement:g_ (Ground Water)

As discussed above, the SCP at the Esso Tutu Servnce--»Statxon will incorporate PSH

recovery and ground-water extraction. This SCP has been formulated based upon exnstmg site
empirical data and best professional judgment, and is COnSisteﬁt, to the extent possible, with the
Tutu Well field ROD. Certain efforts will be instituted to monitor the effectiveness of the
remedial program and to identify problems as they arise. Specifically, the following

contingencies will be evaluated/implemented pending on-site developments:
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The: ground-water recovery system associated with the shallow aquifer consists of a
hydraulic control portion designed to arrest plume expansion. Achievement of sufficient
hydraulic capture from each of the four downgradient wells will be monitored through
the collection of ground-water elevation measurements and ground-water quality data, as

discussed in Section 6.0.

If site data indicate that insufficient capture is being generated due to higher well yields
than expected, pump upgrades will be evaluated. If site data indicate that insufficient
fca(ptureﬁs being generated due to other factors which may limit radii of influence
(hydraulic conductivity, aquifer heterogeneity, etc.), and plume expansion is occurring, -
the need for additional extraction wells will be evaluated.

Inability. to Dewater Perched Zone
The dewatering program for the perched water-bearing zone is based upon the
assumption that the source of water is identified and mitigated. At present, the source of
water is most likely the station cistern and/or storm water infiltration to the subsurface
beneath the station building. In conjunction with the dewatering program, the source of
water will be confirmed and mitigated. :

13D1

If the perched zone cannot be dewatered utilizing the existing system, an alternate
program will be developed to reduce PSH and dissolved contaminant mass in this area.
Potential alternatives could-“include installation of additional dewatering wells,
simultaneous operation of -fluid extraction and bioventing systems, enhanced

bioremediation, and soil excavation/disposal.

Occurrence of Phase-Separated Hydrocarbons

Current site data indicate that PSH is periodically present at wells SW-3, SW-7, and
CHT-3. Remedial measures outlined above have been designed to address the presence
of free product at these locations, Concurrent with, and subsequent to completion of
phase-separated hydrocarbon activities, well gauging efforts will be performed to
determine the presence/absence of free product at all on-site and proximal monitoring
wells. Should free-product reappear in SW-3, SW-7 or CHT-3 (or be discovered in any
on-site or proximal monitoring well) at apparent thicknesses greater than 0.05 feet
subsequent to termination of recovery activities, PSH removal will be re-instituted. If
necessary, the use of automated PSH pumps will also-be evaluated. Performance
monitoring associated with the PSH recovery system is;presented in Section 6.2.

eel X L
Compliance monitoring will be implemented to :ensure that treated ground-water
discharge requirements are satisfied. The program ‘for confirming compliance will be
consistent with specifications stipulated in the TPDES permit. Should compliance
sampling indicate that contaminant levels in treated: ground water exceed .applicable
discharge limitations, modifications to the existing treatment program will be developed.
These modification may include additional GAC capacity or tertiary GAC treatment,
upgrades to promote air stripper efficiency, or stimulation of pre-stripper volatilization
via venturi agitation or similar devices. Appropriate measures will be developed to
ensure Remedial Work Element II is in compliance with all discharge requirements.
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- Compliance monitoring will be implemented to ensure that air discharge requirements
are satisfied. The program for confirming compliance will be consistent with
specifications stipulated in the DPNR Air Pollution Control permit. Should compliance
samples indicate that emissions of air stripper off-gas exceed applicable limitations,
modifications to the existing treatment program will be developed. These modification
may include treatment of a portion of the air stripper off-gas by routing it through the
Remedial Work Element I catalytic oxidizer, adding vapor GAC treatment, or reducing
ground-water extraction rates. Appropriate measures will be developed to ensure
Remedxal Work Element II is in compllance with all discharge requirements.

‘ If my of the above concerns develop during the course of the SCP, EPA/DPNR will be
notifi ed and mcluded in dlscussmns related to evaluation and selection of alternative programs.
As discussed above, many of the coritingency issues are predicated on the collection of site
m.oh'itoring and compliance for gr’"o@d-wa‘tter quality, ground-water elevétion, water discharge
concentr’ations,i etc. Section 6.2 summarizes fhe complianceé monitoring program that will be

implemented as part of the Esso SCP.
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SECTION 6.0

SAMPLING, ANALYSIS, AND MONITORING PLAN

Per Section VI, C3. of the UAO, a Sampling and Analysis and Monitoring Plan (SAMP)
is required for the testing and monitoring to be performed during the Remedial Action phase.

Specrﬁcalty”samplmg will be conducted as part of implementing the: 1) Initial Testing Program

(TP) Plan for the start-up of the SVE and Ground-Water Treatment systems; 2) Compliance
Momtormg per 1he requirements established by the DPNR Air Pollution Control Permits and
Territorial Pollutant Discharge Elimination System (TPDES) Permit; 3) Performance
samples (i.e., vapor, water, and soils) that will be collected m conjunction with each s_ampl‘ing

program and the associated laboratory analytrcal methods. Refer to the ITP Plan (Appendix C)

for details regarding sampling frequency, addltlonal monitoring parameters, and a dlscussmn of
how the data will be used to evaluate the performance of the soil and ground-water- treatment

systems. -

6.1 Initial Testing Program (ITP)

The Initial Testing Program (ITP) will be performed during the first four months of

remedial activities to evaluate the pérformance and effectlvesmf Remedial Work Element I
B

and II. Samplmg and monitoring activities performed as part of the ITP (see Appendix C for

addmonal information) will satisfy all requirements stlpulated by the DPNR Air Pollution

Control and TPDES Permits (see Appendix D). Sampling and monitoring activities performed

.. as part of the ITP will also provide comprehensive information for preparation of an accurate

assessment of remedial system operation. The ITP results, specifically assessing the




' effectiveness of Remedial Work Elements I and II, will be submitted to the EPA/DPNR with the

Remedial Construction Report (Section 6.6.1).

Sampling associated with the monitoring of Remedial Work Element I (SVE system)
will include:
Field measurements of total volatile organic compounds (VOCs), using a

photowmzatlon detector (PID), at each individual vapor extraction well and for the
jVapor-Phase Treatment system (i.e., influent and off-gas samples from the catalytic

Fleld measurements of carbon dioxide (CO,) and oxygen (O,) at each individual
“~ vapot extraction well and for the Vapor-Phase Treatment system.

* Field measurements of carbon monoxide (CO) and oxygen (O,) for the Vapor—Phase
*  Treatment system.

e Collection of vacuum and air velocity measurements at individual vapor extraction
wells.

e Collection of tedlar bag yapor samples from individual vapor extraction wells and
the Vapor-Phase Treannent system for laboratory analysis of VOC concentrations
via EPA Method TO- 14 f

Tgble 6-1 provides a completei"““fist c)%f’%‘“sampling/monitoring which will be performed in
conjunction with Remedial Work ElementvI as part of the ITP. Additional details are provided in
the ITP Plan (Appendix C).

‘ Sampling/monitqring activities planned in association with the monitoring of Remedial

Work Element II (Ground-Water Extractlon/T reatment system) wﬂl mclude
e Collection of ground-water quality samples from the system influent and effluent for
laboratory analysis of VOCs by EPA Method 8240A, total petroleum hydrocarbons
(TPH) by EPA Method 8015A, lead by EPA Method 7421, hardness (EPA Method
130.2), and iron (EPA Method 6010B).

® Collection of ground-water quality samples from individual extraction/treatment
system wells for laboratory analysis of VOCs by EPA Method 8240A and total
petroleum hydrocarbons (TPH) by EPA Method 8015A.

¢ Collection of ground-water quality samples at selected wells located downgradient

of the impacted soil areas (SW-1, SW-3, SW-8, SW-9, SW-10) for laboratory
analysis of VOCs (EPA Method 824OA) and TPH (EPA Method 8015A). | g
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e Field measurements of dissolved oxygen (DO) concentration in ground-water quality
samples from the eight ground-water recovery wells to determine the potential for
natural biodegradation.

* Collection of ground-water elevation data from all monitoring wells on the Esso
Service Station, as well as off-site wells CHT-3, MW-10, MW-10D, CHT-7D, MW-
9, MW-98, and CHT-2, on a weekly basis (for a total duration of one year).

w(;pntmuous water level measurements in one shallow well (MW-8) and one deep
well (DMW-1) pair.

Table 6—2 provides a complete list of sampling/monitoring which will be performed in
conju‘ncéif;n with‘Remedial Work Element II as part of the ITP. Additional details are provided
in the ITP Plan (Appendix C).

Data collected in conjunction with the ITP will be used to calculate the removal of -

petroleum mass from the subsurface mass removal trends, vacuum radii of mﬂuence for

SVE/bioventing wells, and Remedlal/’Work Element I system effectiveness. The Remedial

Construction Réport will mclude vapor and ground-water capture zone maps; petroleuin mass

removal calculatlons, treatment efﬁcxency data (vapor and ground water), ground-water table
contour maps, and ground-water isoconcentration maps (BTEX, CVOCs, and TPH). These data
will be evaluated with respect to potential achievement of the Performance Standards as

established in the ROD and Section 5.0 of this report.

6.2 Compliance Monitoﬁgg
Sampling and monitoring conducted under the ITP I?lan will satisfy all requirements
stipulated by the DPNR Air Pollution Control and TPDES:;-~Piennits (see Appendix D). After
completion of the ITP, compliance monitoring will contiriue to be performed in accordan’c¢ with
the provisions of the Air Pollution Control and TPDES Permits.
Vapor discharges from the Vapor-Phase Treatment System will initially be regulated

under an “Authonty to Construct” Penmt # STT-755 B-98 issued by DPNR Air_ Pollutlon
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. Control. This permit is currently undergoing finalization with DPNR. Sampling/monitoring

associated with compliance monitoring of the vapor extraction system, summarized in Table 6-3,
will include field monitoring of Vapor-Phase Extraction system influent and effluent for VOCs,
monitoring system effluent for CO/O,, and collecting vapor samples fot laboratory analysis via

EPA Method 'IQ-M fof target analytes identified in the Air Pollution Control Perinit.

’i)iltﬁig&?;implementation of Remedial Work Element I, the catalytic oxidizer will be

P

voperated v1a control logic and contifivously monitored. Should operating temperatures drop

i !

below the' manﬁfacturer s specifications (resultmg in less effective destruction of contaminants),

. the control logic will be programmed to deactivate the remedial system. A detailed discussion of

system control logic is presented in Section 4.0.
Vapor discharges from the ground-water remedial system will be regulated under the

DPNR “Authority to Construct” All‘ Pollutlon Control Permit # STT-755-A-98. This permit is

currently undergomg ﬁnallzatlon @ DPNR Compliance samplmg/momtormg associated with

the Ground-Water Treatment system summanzed in Table 6-3, will consist of mﬂuent and
effluent samples water samples from the air stripper which will be analyzed for target
compounds identified in the Air Pollution Control Permit. The analytical data will be used to

calculate total contaminant mass discharged by the air stripper.

carbon treatment) w1ll be regulated under TPDES Permit #'V100040703 issued by DPNR (see
Appendix D). Per the permit, compliance sa:npl_lng/monltorlng associated with the TPDES

permit, summarized in Table 6-3, will include effluent sampling of BTX, TPH, TOC, TSS, lead,

and pH (see Table 6-3 for analytical methods and frequencies).
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MCLs. Soil confirmation samples will be analyzed for VOCs by

6.3 Performance Monitoring

6.3.1 Remedial Work Element I

Following approval of the ITP, and EPA’s determination that Remedial Work Element I
is opera:;ijp,gmggwgesigned, performance monitoring will be initiated. Sampling/monitoring data
which véilii:b;fégll’ected during Remedial Work I:"Jeme’nt I Performance Monitoring, summarized
in Table; 6-4,wnll include 1) measurements of v#cuum at individual SVE wells, and induced
vacuum””at VMPs, 2) ﬁe’ld measurement of VOC and CO,/O,/methane concentrations at
individual extraction wells and VMPs, 3) measurement of flow velocity at individual SVE wells

(to calculate air flow rates), and 4) vapor sampling of individual SVE/bioventing extraction wells

for laboratory analysis (via EPA Method TO-14). These data, in combination with system data |

- collected in conjunction with comphance ghxonito_ring, will be used to calculate the removal of

petroleum mass from the subsux;fy e,mass removal trends, vacuum radii of influence for
SVE/bioventing wells, and Remeq;ia;l W;Jrlé Element I system effectiveness.

Once site vapor data indicate that residual-phase hydrocarbon concentrations in vadose
zone soils have reached an asymptote, confirmation soil sampling will be implemented adjacent

to the north oil/water separator and the gasoline dispenser island to demonstrate that residual

mass in soils will no longer act as a source of ground-water contamination above applicable

PA Method 8240, polycyclic

aromatic hydrocarbons by EPA Method 8310, and TPH (e.g., gasoline and diesel range organics)

~ by Gas Chromatography, EPA Method 8015A. Soil sarﬁﬁling protocol will be conducted

consistently with the approved Supplemental Remedial Design Work Plan. Termination of soil
remedial efforts will be based upon compliance with soil screening levels (SSLs) listed in the

ROD and/or the observation of asymptotic conditions after the implementation of the Remedial

Work Element I Contingency Measures (see Section 5.2)
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Following approval of the ITP, and EPA’s determination that Remedial Work Element II
is oper'atihg as designed, performaﬁc‘e monitoring will be i_nit_x"atcd;. ‘Sampling/monitoring data

which vgijl be collected during Remedial Work Element II Performance Monitoring, summarized

in Tablé ; 3,;,;Will include 1) liquid-leyel measurements at on-site wells and selected off-site

wells (see Table 6-3), 2) field measurement of dissolved O, concentratidns at individual
extractlo”h wel;i“s;,f"?) measurement of total gallons pumped from individual extraction wells, 4)
ground-water quality sampling for water hardness and total iron from individual extraction wells,
and 4) ground-water quality sampling of individual extraction wells and select monitoring wells

on a regular basis for laboratory analysis of VOCs and TPH (see Table 6-4 for analytical

methods and frequencies). These data; m (;ombination with system data collected in conjunction

with compliance monitoring, will be ‘ 'fto calculate the removal of petroleum mass from the

subsurface, mass removal trends, ;hydrau; i¢ radii of influence for ground-water extraction wells,
and Remedial Work Element II system effectiveness.

Data from the Performance Monitoring will be compared with the site-specific

Performance Standards (see Section 5.3) to monitor system effectiveness. Termination of

ground-water remedial efforts in the shallow bedfock aquifer beneath and downgradient of the

concentrations after the implementatioii of the Remed'iaﬂ ‘Work Element II Contingency

Measures (see Section 5.4). '
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" 6.4 Post-Remediation Monitoring

Upon EPA’s certification of completion of the Remedial Action and O&M Report, the
Post-Remediation Monitoring (PRM) Plan will commence. Under the PRM Plan, confirmatory
ground-water quality samples will be collected fiom all on-site wells, and previously sampled

Off-Slte w lls“,(CHT-3 MW-10, MW—IOD CHT-7D, MW-9, MW-9S CHT-2, and CHT-4) on an

annual basls forra period of 3 years. PRM Plan sampling analytical methods and frequencies are

summ,a,rél;zgd rp '{I‘able 6-5.
6.5 Quality Assurance

To the extent appropriate, all sampling will be performed in accordance with the Region
I CERCLA Quality Assurance Manual, Revision I, EPA II, dated October 1989, and the US

EPA approved Quality Assurance _Bro__]ect Plan for the Tutu Servxce Station Investigation

Inc. (LLI; Lancaster, Pennsylvaqga}, a c_;o‘ptract lab program (CLP)-certified laboratory, which
will provide full CLP da‘tar packages.

’Fi_'eld Quality Control (QC) sample§ associated with collection of target compounds list
(TCL) VOC ground-water samples will éonsist of travel blanks submitted at a rate of one per

sample cooler. Completed chain-of-custody forms will be se‘al,

wm plastic bags and placed in
each sample coolér. All samples will be preserved with ice sea.le in plastic bags and shipped by

overnight courier to LLI.
All non-disposable sampling equipment will be decoﬂﬁminated as follows:
o manugl scrub with non-phosphate soap and pdtable water using a brush;
o thorough rinse with potable water; |

e rinse with pesticide-grade acetone;




- recorded in a bound log book.

¢ triple rinse with distilled water; and

e airdry.

Pumpé used to purge wells prior to samplieg will be decontaminated between each use.
Submersible pumps \;vill be washed on the exterior with a non-phosphate soap and tap water
solution and. rmsed with tap water. After rmsmg, 4t05 gallons of tap water will be pumped
through ith‘e pump discharge lines. All purge water and equipment decontamination fluids will be
staged on-snte a.nd treated through the Ground-Water Treatment system.

Portable instruments will be used for field measurement of vapor samples collected to
monitor operation of the SVE and bioventing systems during the course of the Remedial Action.
A PID will be used to measured with total VOCs and a field gas meter will be used to measure
carbon dioxide,. oxygen, and methane at ihdividual SVE/BioVenting eﬁtract’ib’n wells. Field

equipment will be calibrated as recqm?ﬁ;;ded by the manufacturer. Calibration results will be

6.6 Reporting
Within 60 days of completing the ITP, the Remedial Construction Report will be

3

submitted to EPA. The report will present the findings of the ITP, as well as a description of the
construction work performed, documentation of any changjesgwfron‘_i the approved design, “As-
built” drawings, and all laboratory data.

o

The Remedial Construction Report will include, at a‘f"ni’inimum, vapor and ground-water
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(BTEX, CVOCs, and TPH). These data will be evaluated with respect to potential achievement

of the Performance Standards as established in the ROD and Section 5.0 of this report.

EEZ C .!. n! ‘.I".n

Compliance monitoring reporting requirements are specified in the appropriate DPNR
perm'its.g; Monthly summaries of Aif Pollution Control Permit monitoring data will be submitted
to DPNI?(. Mothly Discharge Monitoring Reports (DMR) will be submitted to EPA/DPNR for
TPDES‘:g'ﬁéfmii‘"‘éomplimce. All required permit records and monitoring information will be
entered in a permanently bound log book, maintained at the Esso Tutu Service Station for‘ a
minimum of 5 years after data entry. Permit records will be made available to DPNR upon

request.

ﬁ-ﬁnlle!:tgrmame_MQmm:mg
FolloWing approval of‘-the; TP, and EPA'’s determination that Remedial Work Elements I
and II are operating as desig‘ned; perférmance monitoring will be initiated. Sampling/monitoring
data which"will ‘be-'co_;!;la’e‘g:tfcd during Remedial Work Element I Performance Monitoring are
su‘rhm_a_ri,ied iﬁ 'fable 6-3. Data collecfed during the SVE and bioventing monitoring program

will be used to calculate the removal of petroleum mass from the subsurface, mass removal

- trends, vacuum radii of influence for SVE/bioventing We,lls;mand SVE/bioventing system

effectiveness. System performance update reports will be ;iss,ued to EPA/DPNR every six -
months.
Results from ground-water samples and monitoring collected in association with

Remedial Work Element II Performance Monitoring are summarized in Table 6-3. Data

collected will be used to calculate the removal of petroleum mass from the subsﬁi‘éce,‘ .mass

removal trends, hydraulic radii of influence for ground-water extraction wells, andRemedral




Work Element II system .eﬁ;ectiveness. Update reports, which will include ground-water table

contour maps and isoconcentration maps for BTEX, CVOCs, and TPH, will be issued to
EPA/DPNR every six months. Brief status reports transmitting raw performance data will be

submitted to EPA on a monthly basis.

Results from soil samples ;:ollected in association with the Remedial Work Element 1
conﬁrfn"étéon ;éi”af;x“plihg program will be compiled, interpreted, and presented in a report which
will be s;'ubmitted to EPA/DPNR. If the data indicate fhat soil contaminant concentrations
achieved via SVE/bioventing have been reduced to less than the designated SSLs, the report will
include a request to terminate Remedial Work Element 1. If the soil contaminant concentrations

remain above the SSLs, Remedial Wgrlﬁigi;ment I Contingency Measures (see Section 5.2 ) will
FA ’

be invoked.

Resﬁlts from ground-watér% sam
Element II confirmation sampling program will be compiled, i'nterprete&, and presenteq in
reports submitted to EPA/DPNR on an annual basis for a period of 3 years. The reports, which
will include groﬁnd—water table contour maps and isoconcentration maps (BTEX, CVOCs, and

TPH), will be used to document that grotind-water contaminant levels have remained within the

Performance Standards specified in the ROD and Section 5.3 ofth;s»»report
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SECTION 7.0

Operations and Maintenance

A preliminary Operation and Maintenance (O&M) Manual is attached as Ab‘pendi’x E
This O&,MMagml discusses routine operations and maintenance of the vapor-phase and ground-
wa’;er extractwﬁ/treatment Syétems, potential operating problems including common remedies,
and a d1scussmn of the documen,tation/re'cOrd‘kéeping pracedures. A local contractor will be

R

selected to opéfﬁ%‘e the treatment system, but at the present time, one has not been identified.

7.1 Start-up
Monitoring activities associated with the start-up and initial testing of the SVE and

Ground-water Extraction/Treatment systems are detailed in the Initial Testing Program (ITP)

presented in Appendix C. Implem on of the ITP will start within 10 days of completion of

construction of the Treatmentsystems,and monitoring activities will extend over a period of 4
months, Tﬁe pﬁrpoée of the ITP ‘is to document that Remedial Elements I and 11 are functioning
as designed. An inspection will be performed by EPA or their representétive during the
perfonﬂance of the. ITP to develop a punch list of deficiencies, ,if any. Within 60 days of

completing the monitoring associated with the ITP, the Remedial Construction Report will be

submitted to EPA.

7.2 Site Management
The Esso Service Station is opefi oii a daily basis and the hours of operation are from
approximately 7:00 a.m. to 11:00 p.m. The treatment system will be housed iri a land sea

container located within a fenced area at the northwest corner of the service station property.



The gate to the fenced enclosure will remain locked at all times. The treatment system wells are

ﬁ_riishéd below grade and secured in 2 foot by 2 foot well vaults with lids that are bolted down.
All piping connecting the Wélls to the treatment System will be installed below grade in trenches.
In the event of system failﬁre, the telephone dial-out system is activated to notify the

operatbl; of a system shutdown. Several of the alarms do not auiomatically reset and require the

H

' operatoé to ngfEss the reset button to restart the system. The operator will respond to any alarm

 within 24 himr A key to the fenced enclosure will be maintained at the Esso Terminal adjacent

to the SLThom‘”as airpdrt, by the O & M coritractor, and by the FES Project Manager in Exton,
Pennsylvania.

Waste disposal activities will consist of disposing o_f phase-separated hydrocarbons
which may be recovered as part of operating the ground-water extraction/treatment system. A
waste removal firm will be subwnﬁaaegi)y Esso to dispose of wastes generated as a result of

operating the treatment system

»ac?:cé)rdance with all applicable territory and Federal

requirements, including RCRA Regulatlons
vt -

7.3 Operation Quality Assurance Project Plan
Sampling activities will include the collection of vapor samples associated with

monitoring the SVE system and ground-water samples from recovery monitoring wells. Figures

7-1 and 7-2 depict the sampling locations for these vapor andaqueous samples. To the extent
applicable, sampling protocols will be in accordance with theUS EPA approved Supplemental
Remedial Design Work Plan (SRDWP) (FES, 1998) and the Quality Assurance Project Plan.
(QAPP) for the Tutu Service Station Investigation (Geraghty & Miller, 1992). Refer to Section
C.3 Quality Assurance, of the ITP locéted in Appendix C for a deta‘iled discussion of sampling

and analytical methods.




“ 7 1.4 Operation Health and Safety Contingency Plan

The previously referenced O&M Pian provides Health and Safety protocols as a
supplement to the site-specific Health and Safety Contingency Plan (HSCP) (Appendix F). The
plan details safety, accident and fire p‘rot‘ect‘ibn stax_idards to be u‘s,ed dttring the course of the
project. _Spill response equipment consisting of sorbent pads and booms will be maintained on

i
site to faéi

;te‘: rapid respond to any release. No smoking will be perrtutted in the fenced
enclosure and%ﬁre extinguishers for use on small fires will be available in the trailer housing the
treatment system

The O&M subcontractor, as well as an appropriate Esso and FES representative will be
on-site during the start-up of the treatment system and receive training with respect to
precautions to take when working with and around. the various components of the treatment

system. The site-specific HSCP pmyxdgsa list of local emergency telephone numbers which

would be contacted in the event of an ;ier;nergency and map showing the route to the nearest

hospital.

73
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SECTION 8.0

CONSTRUCTION QUALITY ASSURANCE PROJECT PLAN

The Construction Quality Assurance Project Plan (QAPP) will provide quality

assurance/quality control during the remedial system construction phase. The Construction

B G T

QAPP w1]1 bednrected by a Professional Engineer licensed in the Virgin Islands (M XXX XXX,

Independent“Equlpment Corporatlon) and implemented by the Site Engmeer/Scnentxst and/or a
Ly

quahﬁed desngnee) who will be on site during all remedial system constructlon activities.

The Site Engineer/Scientist (Chad Stevens, Esso/Robert Zei, FES) will be authorized to
stop all activities which are not in compliance with the QAPP, applicable environmental and
contract requirements, or any activities which iendang'er the health and safety of construction

personnel and surrounding res‘idengs:"‘_,ffhe Site Engineer/Scientist will be responsible for -

remedial system construction quality : ssurance inspections and testing as discussed below in

Sections 8.1 and 8.2.

8.1 Inspection a'nd_Certiﬁcation

The Site Engineer/Scientist will review documéntation provided by the on-site
contractor(s) to affirm that all c‘onstf‘uc’tion materials used at_ ;be site meet industry and
performance guidelines as required in the engineering constmctlon Technical Specifications
package prepared by Hill & Bell (dated 22 July 1998 see Appendix A). The Site
Engineer/Scientist will conduct daily inspections of all mstalied piping and trenches to assure
compliance with installation specifications established in the engineering construction design
drawings. Situations of non-compliance will be documented in the daily log (see Section 8.1.1)

and to the appropriate contractor(s). Additional work will not proceed until the non-compliance
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is corrected by the contractor(s). The Site Engineet/Scientist will also supervise all on-site

quality testing (see Section 8.3).
The remedial treatment system will be assembled off site by Independent Equipment
Corporation (IEC) of Raritan, New Jersey. A licensed PE and project engineers (Richard Tobia,

Abraham Platt, Paul Fischer) on the IEC project team, and qualified technicians from IEC will

inspect én;iftésff'each component (see Section 8.3) to ensure it meets manufacturer and industry

standa’rd?s.é YA\representatlve from FES (Robert Zei) will also mspect the system for proper

operatlon befor‘e shipment to the facility. A member of the IEC project team (to be determined

at a later date) and a representative from FES (Robert Zei) will reinspect the remedial system

after it is installed at the Facility. IEC will provide written certification of the successful

compleﬁon of inspection and testing nf systefn components to the Site Engineer/Scientist.
During remedlal system consu-uctlon modifications of the original remedial system

design may occur. These dev1atlon5en1ay mclude changes such as minor relocations of piping or

e remo: ?

trenches due to accessibility constralnts changes in piping conﬁguratlon which improve ease of
installation or access, or other small changes of a snmxlar nature. Modifications from the original
remedial system design will be limited to changes which do not affect ultimate system operation

or performance; all changes are' subject to the approval of the Site Engineer/Scientist. Any

modifications which are likely to affect system operation or performance will require full review

and approval by EPA and DPNR before implemeritation.
A Professional Engineer licensed by the Virgiii Islands M. xxx, xxx) will review all
documents associated with the Construction QAPP mcludmg daily logs, as-built drawings,
testing results, and contractor’s certifications. After review and approval of these documents,
and inspection and testing of the remédial system, the Professional Engineer will certify that:
1) tne Remedial Construction Work has been completed in full satisfaction of the

requirements of the 5 August 1996 ROD, the Order, and all plans and spec1ﬁca ons
developed thereunder, mcludmg the Construction QAPP, and
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2) the SVE and Ground-Water Extraction/T reatment systems are operating in
accordance with approved design and performance criteria.

This Certification of Work will be submitted to EPA/DPNR as part of the Remedial Construction

Report.

A d lly construction log will be completed and signed by the Site Engmeer/Sclentlst
The dally“logs W ll provide detailed descnptlons of all construction activities mcludmg

a) contractors and personnel on site
b) work performed

¢) - health and safety issues
d) community relations

€) air monitoring

f) daily inspection results
g) soils quantities excavated.”.. |
h) waste stockpiling and/or dlsposal

i) testmg performed and resultant data

surveying measurements, and an inventory of materials utilized. Inforr_na’tl_on will be cross-
referenced and indicated on a set of engineering construction drawings where appropriate.
Photodocumentation of remedial construction activities will also be prepared on a daily

basis. All excavated trenches, trenches with installed piping,_g‘yvell‘ vaults, system pulling stations,

piping Connections, treatment enclosure, and treatment systerh cemponents will be photographed
with appropriate scaling. Photographs will be recorded in thh daily log and photo locations will
be keyed on the “as-built” drawings (see below). Select photographs will be included in the

Remedial System Construction Report.
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“As-Built Drawings”

During remedial construction, a dedicated set of engineering cohstrucition design
drawings will be used on site for recordihg minor field changes modifications of the ériginé;l
remedial system design. All field changes will have received prior approval from the Site
Enginec;[_nggngjgt before implementation. The Site Engineer/Scientist will initial and date all
such chanéeson the dédicated engineering construction design dra@ings. The changes will also
be recordedm “'t,he daily log (see Section 8.2.1), and photodocumented where abpropriate.

The d;‘iisféated field consﬁuction drawings, daily logs, and photodocumerits will be used
to generate a set of “as-built” drawings upon completion of femedial system construction. Thé 7
“as-built drawings” will Be signed and stamped by a Professional Engineer licensed by the
Virgin Islands (M. xxx, Hill & Bell Associatés) and submitted a§ part of the Remedial

Construction Report.

82  Testing of Materials, Coﬁins:‘trucﬁ(in, and Final System

‘,'I:he SVE and Ground-Water Treatment systems will be tested to assure proper
performance and compliance with all applicable EPA and DPNR regulations.
Equipment/materials testing will occur in four stages:

a) Remedial system assembly - The remedial treatinent system will be assembled in
New Jersey by IEC. A licensed PE and project engineers (Richard Tobia, Abraham
Platt, Paul Fischer) on the IEC project team, and qualified technicians from IEC will
inspect and test each component (see Section 8.3) to ensure it meets manufacturer
and industry standards. A representative from FES (Robert Zei) will also inspect the
system for proper operation before shipment to the facility. Each system component
will be tested individually and/or in conjunction with other associated system
components to assure proper performance of the system before final shipment to the
Facility. The remedial system assembly contractor (IEC) will provide written
certification of the successful completion of inspection and testing of system
components to the Site Engineer/Scientist.

b) Well installation - The drilling subcontractor will provide well construction

materials which meet all relevant industry standards to ensure proper well
performance. Wells will be installed and developed according to the -protocol

8-4

|




c)

i

presented in the Supplemental Remedial De51gn Work Plan (draft submittal to
EPA/DPNR dated 14 August 1998). A Project Scientist from FES will supervise all
well installation activities. The Project Scientist will maintain a detailed daily log
which includes all pertinent descriptions, boring logs, measurements, and other data
associated with the well installations.

Constl'uetic)n associated with reme_dial system tt'enchin‘g and piping - All materials
used in association with remedial system trenching and piping installation will meet
mdustry standards and performance guidelines required in the engineering

'“censtructlon Technical Specifications package prepared by Hill & Bell (dated 22

f ‘July 1998, see Appendix A). Installed piping and trenches will be

measured/surveyed to assure conformity with installation specifications established
in the engineering construction design drawings.

Aftet installation, each vapor line segment (well to pull station, or pull station to pull
station) will be vacuum- or air pressure-tested using standard field methods to ensure
that adequate vacuum (or pressure) will be maintained. Each extraction line will be
capped and subjected to an induced vacuum of 60 inches of water for a period of one
hour. Extraction lines which do not maintain an induced vacuum of at least 58
inches ‘of water will be reinstalled. Ground-water recovery, secondary containment,
and pneumatic air line segments will be pressure-tested to 80 pounds per square inch
(psi), and required to maintain at least 78 psi for one hour. Alternate methods of line

~ testing, such as helium ling. leak detection, may be substituted with the approval of

d)

the Site Engineer/Scientist. | Test results will be documented and approved by the
Site Englneer/Sclentlst before the corresponding trench segment is backfilled.
On-site remedlal treatment system installation - Qualified technicians from the
remedial treatment “constriiction contractor (IEC) will inspect and test all
components of the remedial treatment system after shipment and on-site installation
to ensure proper operation. Testing will include, but not be limited to, reviewing all
faults, probes, safety switches, and logic controls for proper functioning; preliminary
operation of all well pumps, transfer pumps, blowers, and motors for performance
evaluation; preliminary operation of the air stripper and catalytic oxidizer to ensure
proper operational temperatures, air flow, and air processing; and inspecting and
testing the complete remedial system for leaks or other breaches of integrity.

The remedial system construction contractor (IEC)~w11vl~?prov1de written certification
upon successful completion of inspection and: testing of the installed remedial
system. An accelerated sampling and monitoring compliance schedule (see Section
6.2) will be followed during system start-up to ‘ensure that the remedial system
operates within applicable EPA/DPNR regulations:”
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.83  Construction Access Agreements

Well installation and associated trenching activities will be performed on the Four Winds
pr"operty, located to the south and west of the site. An Access Agreement for these activities was
granted by the property owners; a copy of the agreement is included as Appendix G. No

“properties or easements were acquired as part of the Remedlal Actlon

84 Method of Selection of Constructlon Contractor(s)

The Remedxal Treatment System construction contractors (IEC) were selected based on
prior experience with the proposed remedial technologies, ability to fabricate pre-packaged,
“turn-key” remedial systems,‘adequate environmental insurance coverage, proper OSHA training

and certification for all on-site workers, and previous Superfund experience.

the construction contractor(s) will be based on a review of the contractor",s ql;a]iﬁcations to
perform the necessary work, previous experience with similar types of construction, equipment

and labor availability, and reasonableness of construction schedule and costs. The successful

proper OSHA training and certification for all on-site p’ersonne}

8.5  Final Cost Estimate and Schedule

A final construction cost estimate is included as Table 8-1. The total estimated cost of

' the remedial system construction and installation is $604,000. Please note that this cost estimate

does not include expenditures associated with subsequent remedial system operation and

monitoring.



.

A proposed construction implementation schedule is included as Table 8-2. The
schedule indicates that off-site assembly of the remedial treatment system will be performed
trenching and piping. Following shipment of the remedial treatment system in early November
1998, final on-site assembly and initial start-up and testing of the completed remedial system is

anticipa@ecil ‘férflf:ate November 1998.
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Table 2-1
‘Summary of Analytical Data
North Oil/Water Seperator (1993)
Esso Tutu Service Station
St. Thomas, USVI
. . . Page 1 of 1
~ §S1 | SS3 SS54 SS5 S86 | SS7 SS-8 8§59
[Analytical Paramater | units (9') (39 (39 {3°). (5" (5" (7°) (3"
L ' Aromatic Hydrocarbons |
fBenzene (mg/Kg) <1.8 0.88 <0.029 0.029 <0.006 016 | 0.27 <0.006 |
Eoluene (mg/Kg) 46 53 4.6 6.5 <0.006 33 51 <0.00ﬁ
Ethylbenzene (mg/Kg) |- 12 11 0.99 0.52 <0.006 1.7 . 11 ] <0.006
Total Xylenes (mg/Kg) B04 ] 774 | 242 29 <0.006 58 | 78 | <0.006 .
- Chiorinated Compounds |
[Trichioroethene {mg/Kg) <1.6 0.26 <0.029 <0.029 <0.006 <0.029 | 0.045 | <0.008
Tetrachloroethene (mg/Kg) <1.6 1.1 0.15 0.13 ] <0.008 0.52 . 1.5 <0.008
1,1-Dichloroethane (mg/Kg) <1.6 0.56 <0.029 <0.029 <0.008 0.031 )} 0.07 <0.006
1,2-Dichloroethene {mg/Kg) <1.6 3.2 <0.029 0.032 | <0.008 0.075 0.11 <0.006
1,1,1-Trichloroethane (mg/Kg) <16 | <0036 | <0.029 <0.029 <0.006 0.044 0.058 <0).006
- Base-Neutral Compounds
[1,2-Dichlorobenzene (mg/Kg) | NA 28 | 084 <2 ] <0.38 | <0.77 14 <0.4
l Naphthalene (mg/Kg) NA 29 | M 22 <0.38 19 23 <04
Fiuorene mg/Kg) | NA 34 | 14 26 <0.38 1.4 1.6 <0.4
{iPhenanthrene (mg/Kg) NA 97 | 45 8.1 <0.38 4.3 6.1 <0.4
lAnthracene (mg/Kg) | NA <2.4 0.92 <2 <0.38 | <0.77 1.2 <0.4
Fluoranthene {mg/Kg) | NA 31 | 12 2.4 <038 | 1.1 1.5 <0.4
liPyrene mg/Kg) I NA 15 | 65 9 <(.38 5.7 8 <0.4
l[Benzo (a) anthracene (mg/Kg) | NA 5.8 2.3 4.3 <038 | 21 2.8 <0.4
||Ch!Eene mg/Kg) | NA 5.1 2 36 <038 | 19 24 <0.4
Bis (2-ethylhexyl) phthalate (mg/Kg) |  NA 19 8.3 11 <0.38 6.7 9.2 <0.4
lIDi-n-octyl phthalate {mg/Kg) - NA <2.4 2 <2 <0,38 <0.77 <0.77 0.94
liBenzo (b) fluoranthene {mg/Kg) NA 6.1 2 3.8 <0.38 2 2.5 <0.4
Benzo (a) pyrene 4mgﬁg) NA 3.2 0.97 <2 <0.38 0.88 1.1 <0.4 |
Benzo (ghi) perylene {mg/Kg) NA 7.7 1.6 3.4 <0.38 1.4 1.9 <04 |
_ Petroleum Hydrocarbons ]l
[Gasoline Range (mg/Kg) NA 5,000 3,000 3,000 <8 4,000 5,000 <g |
Kerosene Range mg/Kg| NA <4,000 | <1,000 | <1,000 <8 <1,000 | <1,000 | <8 ||
Diesel Range {mg/Kg) NA <4,000 <1,000 | <1,000 <8 <1,000 <1,000 - <g |
Notes:

. 1. NA =not analyzed
2, Volatile.organic analysis conducted by EPA Method 8240; base neutrals analyzed by EPA Method 8270;
3. TPH analysis conducted by Method 8015 (GD-FID).

4. mg/Kg = Parts per million. :
Forensic Environmental Services




Summary of Soll Analytical Data (1996)

Table 2-2

Esso Tutu Service Station
St. Thomas, U.S.V.l.

. _ ___Pagetof2
1 Total T Methylene | Trichioro | Tetrachioro | trans-1,2 Dichloro | cis-1,2 Dichloro | 1,1 Dichloro [ 1,1 Dichloro | 1,2 Dichioro Total TPH TPH
|- - Sample __. Depth.} Benzene | Toluene | Ethylbenzene | Xylenes | MTBE | Acetone. | Chioride | Ethene Ethene Ethene Ethene / Ethene - Ethane | Ethane 2.Butanone | Organic Carbon.| DRO GRO
|L_Designation | Dats | (feet | (ugikg) | (ugikg) | (ugikg) | {uarkg) ’ (ugiKg) | (ugikg) | (ugiKa) | (ug/K) | gk ug/K {ug/Kg) (ug/ko) | (ug/Kg) | (ugiKg) | (ugiKg) _{mg/Kg) | (mg/Kg)| ‘Q%m K
i . North Oil/Water Separator :
B ¥:9/177‘9=a NA NA NA NA NA NA N NA NA NA NA NA NA NA NA NA NA_ NA NA
B-2 9718/ 58 NA _NA NA N NA N NA NA NA NA NA NA NA NA ~ NA 1,900 NA NA
B-5 [G/23/96] 4-6 NA NA NA N NA | NA NA NA NA NA NA NA NA NA NA 2410 NA NA
! 68 NA NA NA NA NA NA NA NA NA NA NA N NA NA NA NA NA NA
| §-10 3 35 30 EN <5 a5J <10 35 3 =10 <10 <10 <5 <10 <35 NA 200° | 7007 |
B6 0/23/96]  4-6 NA NA NA NA NA NA NA NA “NA NA NA NA NA NA 3160 NA NA |
_ B-10 4] <1 <1 3 <7 = A <] 3 <3 3 g T <2 <7 NA <200 | 300F |
B7 /2396 46 | NA NA NA NA NA NA_ | NA NA NA NA NA NA NA NA NA — 2830 _ NA_| NA |
8-10 3J 10 — 56 35 63 480 | <2 <1 <1 <2 <2 <32 <A <2 <8 NA <" <9F |
— B-16 0/25/96] 46 NA NA NA NA NA NA | NA NA NA NA, NA NA NA NA NA 2300 NA NA
6-8 <1 <{ <1 L <1 <] <8 B 12 <i <1 <2 <2 <2 <1 <2 <8 NA 6-J. <200
1012 <6 <6 8 | 26 <5 <42 55 <8 <6 <12 <12 <12 <6 <12 <42 NA_ 1,800 | 2,000
B8 Jol50e] 48 | NA NA NA | NA | NA NA_ [ NA NA NA NA NA NA NA NA NA 2400 NA NA
B-19 NA NA NA N T NA NA NA | NA NA NA NA NA NA NA NA NA NA NA NA
‘ B-20 , 810 | <1 T4d < T < =30 ey 150 < <1 ‘ = ) 2 < 7] <3 NA 5J <200 |
=518  [o/555| 46 NA NA NA ] NA NA NA_ | NA NA NA NA NA NA NA NA NA 2100 NA NA
10-12 | . 24 3d 10 21 4d 75 40 <q <1 <2 <2 <2 <1 <2 13 NA 2,200 | 30,000
~14-16 <1 <7 <1 < < <9 13 < < <3 3 <3 A <7, 25 NA 5J 2,
BAT _ |0/25/08] 1012 ] <1 Td 3 A S < 37 BT < S| = == ) G <2 3 NA 5 02
— Delivery Line/Dispenser isiand i L
B3 9/20/96] 2-6 NA NA NA NA NA NA. NA NA NA ] NA NA NA NA NA NA 2,000 NA NA
88 | < <A 44 28 750 550 3] < <1 3 2 <2 A <2 <8 NA 16 4
8-10 <5 <5 110 1,000 67 410 <11 <5 <5 <1 <11 AT <5 <11 <37 NA 37 7
_ T2 | <5 5 0 820 432 350 A7 2y 5 A1 GE <11 <5 <11 3B NA NA NA
B4 07006l 26 | < <t <1 <1 30 360 5] <1 <1 <2 <2 = &l <2 < 1,200 2 <02 |
B8 9/24/96]_1-3 <1 4.J TJ T <1 33 210 <2 | <1 <1 <2 <2 <2 <1 <2 51 NA <5 F]
1 46 | <1 <1 <1 <1 <1 31 <2 T <1 < <32 <2 <2 <1 <2 9J NA. 16 2
B-9 5124/96) 68 <1 <1 <1 <1 <1 17 3 <2 T <1 < <2 <Z <2 <1 f ; <8 NA 6 J <02 |
B-10 9/24/96] 46 < <1 <1 <1 <1 20 J =2 rIp <1 = <2 <2 1] <2 <7 NA <4 | <0.1J
B-11 [024/96] 2-4 NA NA NA NA NA NA NA NA NA NA 'NA NA NA NA NA 2,300 NA NA
v 4-8 <1 <1 2J <1 1,000 87 <2 <1 <1 <2 <2 <2 <1 <2 27 NA 5J 0:8J
8-10 <1 <] <{ <1 49 110 <2 <1 <1 <2 <2 <2 <1 <2 14 NA <4 <0.2
B2 [0/24/98]_4 NA NA NA NA NA NA NA [ NA NA NA NA NA NA NA NA 5200 NA NA :ll
_ __ 6-8 <1 3 J <i <1 5J 450 <3 T < <1 <3 <3 <2 < - <2 130 20 0. ?
| EEE 0124/96] 4.6 <1 4J =10 1 170 210 2 ] < = = 3 ) <1 <2 39 NA 8J 2
: &8 <7 3J KX] 120 120 150 <3 < <1 <2 <2 <3 < <2 32 NA 10 7
: B-14 9/24/96] 6-8 <1 <1 3J <i 81 240 4] <1 <1 <2 <2 <2 <1 <2 21 NA 8J 0.8J
! 1 B-10 8 7 280 24 28 <8 — <1 pT 2 2 2 T <3 <8 A 2,100 70
‘ ] [10-12 [ 280) <150 3600 | 690J [ 1,300 | <1000 440 J <150 <150 <300 <300 <300 <750 <300 | <1000 NA 2,000 110
[ B-24___ |9/27/96] NA NA NA. . NA NA NA NA NA NA NA. NA NA NA NA NA NA
B-22 912 NA NA NA NA NA NA NA NA ~NA NA NA 'NA NA— NA NA NA NA
B-23  [9/30/%6] NA NA NA NA NA 'NA NA NA NA NA NA NA NA . NA NA NA NA
B24  |9/30/98] 7-9 <A <1 ) <1 57 250 < < =1 = = = < 2 <8 NA 740 | 0.06J
8-11 280 J <150 23,000 240J | 440J <1000 | <200 <150 <150 <2890 <290 <280 <150 <200 <1000 N 816 | 150 |

Forensic Environmental Services, Inc.
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Total organic carbon by EPA Method 415.1 modified.
“TCL Volatiles by EPA Method: 8240
. PAH'sby EPA Method 8310.
.. BTEX by EPA Method8020A
* = Samples were andyzed for Total Petroleum Hydrocarbons by GC-FID Method 8015B: modified.
J = Estimated concentration.
NA = Not Analyzed.
A"<* indicates the methad detection limit used for that particular compound.
ug/Kg = Parts per billion.
. -mg/Kg-=parts per million.
. DRO = Diesel Range Organics.
. GRO = Gasoline Range Organics.

Forensic Environmental Services, Inc..

Table 2-2
Summary of Soil Analytical Data (1996)
Esso Tutu Service Station
St. Thomas, U.S.V...
_ _ ' Page2of2
L Sample , A A 1 Benzo (a) Benzo (b) | Benzo (k) | Benzo(a) | Dibenzo (a;h) | Benzo (g,h))) | Indeno (1,2,3-cd)
-Sample Interval | Naphthalene | Acenaphthylene | Acenaphthene | Fluorene Phenathrevne“; Anthracene |Fluoranthene| Pyrene | anthracene | Chrysene | fluoranthene | fluoranthene | pyrene - |- anthracene -| perylene - pyrene
|L Designation | _Date (feet) (ug/Kg) (ug/Kg) _ (ugl/Kg) (ug/Kg) (ugikg) | (ugiKg) ug/k (ug/Kg) |  (ug/Kg) (ug/Kg) | - (ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg) (ug/Kg)
North Oil/Water Separator _ _ _ :
[ B5 | 9/23/%6 | 8-10 | <5890 <490 <1800 | 840J 580J 291 <16_ 5250 130 140J <73 <68 | <20 <60 3 57J
[ __B6 [ 9/2386 | 810 [ 318J <068 <30 | 6250 | 740 400 <78 | <41 | 102 130 103 <34 | 719 <30 159 i
—_B7 | °oz3me | 810 | 6660 <560 <2100 <1100 2400 1280 J <18 | 1240 | 517 | 540 266 <110 ~258 <69 530 5] |
815 9/25/96 ] 10-12 1030 <120 <430 2300 | 370 | 172) <19 213 614 66 403 12.9 36.2 <26 84 13.3J
— B-16 9/25/86 | 10-12 <140 <120 <440 53J 46 J 14.9) <4.8" <25 <3.8 <11 <2.1 <34 g 40.6 37 <16
‘ 14-16 <72 <60 <220 <13 <21 <2.1 <240 <50 <9.7 <22 <43 <4.1 <12 235 <120 <33
_ _ Delivery Line/Dispenser Island _ _ _
[9/20/96 | 8-10 <63 <52 ~<190 <12 <18 <1.8 <0.83 <44 <0.67 <1.9 <0.37 <0.36 129 <140 <280 74 |
[ 9/20/96 | 46 <86 <55 <200 <2 <19 <1.9 <0.87 | <46 <07 | 23J ] <039 <0.38 <1.1 <33 <11 <3 ,
B- [ 9/24/96 | 8-10 9600 J <1100 <4200 2820 J 4,100 1700 J <18 1310 J 447 480J 470 98.1J 270 <69 500 [ 1M7J ]
10-12 13400 J <1200 <4300 4240 6,200 2590 <19 2,000 680 790 730 149J 420 149 ) 730 ] 147 J
; [ 6/30/96 | 9-11 ] _ 2120 <57 <210 | 4864 560 220 <89 <38 31.9 50 49.4 <0.79 | 24 <15 50 ! 9.1J ﬂ
Notes:



Table 2-3
Summary of Site Ground-Water Quality Data
Esso Tutu Service Station
St. Thomas, U.S.V.l.

- Page1of2
S SW-2 SW3_ 1 SW7 SWs___ DW-1 CHI=2 I CHT-3
5764 | 0/28/96 | A4/5/94 | 6/22/94 | 9/26/96 || 4/6/94 | 6/23/94 | 10/4/96 || 4/6/94 | 6/23/94 | 10/6/96 || 10/3/96 | 10/3/963 D | 4i7/94 _ 6/3/94 || 2/27/92 | 41114 ] '9—"T__'|lstss 10/4196 || 227192 | 11117793 | 4111794 | 6/1/94
Volatile Organic Compounds '
3700 | 3,100 || 1,400 | 550J 220 ]| 12,000 | 10,000J] 10,000 ]| 160 99 J 110 2J 1J <5 <10 | <80 5 1 1 16 | 26,000 ] 2,200 | 1,000 ] 1.700 |
1,800 680 1,800 | 360J 140 3,400 | 3,200J 98 16 <100 <10 <2 <2 <5 <10__|I <80 5 | <2 <2 38,000 | 1,600 | <50 180
2,000 | 1,800 | 1,000 | <1000 18J 2,200 | 4100J| 2100 110 <100 78 48 45 <5 <10_ 120 <5 [ 3J 4] 2400 | <25 1,500 | 1,800 |
8100 | 3,000 || 4,000 | 1,800J | 130 || 10,300 | 22,000J| 8,000 || 171 82 38 61 59 <5 <10 || <50 <6 | 1J 4) 138,000 | 1,500 ,
42,000 | 14,000 || 52,000 | 35,000 J| 2400 || 110,000 | 69,000J | 100,000 1600 | 1,500J | 2,700 150 <2 19 16J NA 870|110 130 6,200 | 13,000
350° | <10 <250 | <1000" 8J <280 | <1000 | <10 | <5 <100 <5 <1 <q 15 10J <50 <5 | < <§ <1000 | <25
50" <10 <250° | <1000" 12.J <250 | <1000* <10 <5 <160 <5 <1 <1 62 42 J <50 <5 | < <5 <1,000 <25
NA <20 NA <10 NA - AR <20 | NA . <10 <2 <2 T TR NA NA | <2 <10 NA <25
NA <20 NA 32 <20 NA : e <10 <2 <2 T T NA [ <2 <10 || NA ~ NA
<350" NA || <250° NA , <20 <5 <100 <10 NA NA 130 92.J NA 8 “NA__|. <10 NA NA
<500° NA — <500" NA 0* <410 <10 <100 <5 NA NA <10 <10 <100 <10 ‘NA <5 <1,000 <25
NA | <60 <30 NA ~<B0 NA - <30 <6 <6 — NA NA (K <6 NA NA
Y I NA | 344 12J NA 28 J NA } 10-J <2 <2 <50 NA <2 <2 <1,000° <25
Total Petroleum Hydrocarbons ‘
T20 NA 25 ] N NA | 310 NA NA 6 NA NA NA NA <04 NA NA <0.4 NA NA NA_ | NA
<4 NA I~ <4 NA NA | <40 NA <4 NA NA NA NA <04 NA NA <0.4 NA NA. NA NA
<4 NA || <4 NA NA <40 NA NA <4 NA NA NA NA <0.4 NA NA <0.4 NA NA. NA NA
NA NA_ || NA NA NA NA_ [ NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
: Polynuclear Aromatic Hydrocarbons _ _ _ __
60 NA_J[ <100 | <10 NA ]| 1,300 | 1,0004 | WNA 60 96 J NA_J[_NA NA <10 <10_J_ 65 <10_| NA NA NA NA 260 | 310
<4 NA <2 <10 NA 40 40J NA <2 4] NA. NA NA <2 <10 <10 <2 NA NA NA NA 3 6J
3 NA <2 <10 NA 40 32J NA 4 3J NA NA NA <2 <10 <10 <2 NA NA_ NA NA 2 4J
1 <1 <0 NA 5 <50 NA <2 <f0_ | NA | NA 'NA <1 <10 <10 <1 NA NA_ NA NA <1 <20_
3 <2 <10 NA 7 8J NA 3 2J [ NA NA NA <2 <10 <10 <3 NA NA NA NA <2 <20 |
1 <A <10 NA <4 9J NA 1 <10 | NA NA NA <1 <10 <10 < NA NA NA <1 <20
) 0.3 NA <0.2 <10 NA 0.7 <50 NA 0.3 <10 NA NA NA <0.2 <10 <10 <0.2 NA NA NA NA <02 <20
D I 14 NA <D5 <10 NA 3 <50 NA 14 <10. NA NA NA <0.5 <10 <10 <0.5 NA NA NA NA <0.5 <20
| <08 NA 0.2 <10 NA ~21 | <80 | MNA 0.5 <10 NA | NA NA <0.2 <10 <10 <0.2 NA NA NA <0.2 <20
_ ) General Water Chemistry
20 | NA || NA 284 NA 2,820 | 324 NA 260 783 NA NA NA_ |18 <10 NA NA NA "NA NA NA NA__| 12300 |
835 | 220 | 1190 | NA 79 1,020 NA NA 858 NA NA. 94 91 | 566 NA —NA 623 102 NA NA NA 834 NA
76 NA_ | 32 | NA NA 52 NA NA <0.2 NA NA. NA_ |- NA <0.2 NA NA 2.1 NA NA NA NA 1 NA
NA <0.027 | NA | NA <0.027 NA NA NA NA : NA || <0.0012 | 0.0034 NA_ | _NA |- NA A <0.027 NA NA NA NA NA

Forensic Environmental Services, Inc.




Table 2-3 '
Summary of Site Ground-Water Quality Data.

Esso Tutu Service Station
St. Thomas, U.S.V.1.
. ) : Pago 20f2 .
b - CHT-7D __mMws _ NMW-9 MW.8S : MW-10 . ____MWw-10D :
. “Analyﬁc'al-Parametor ~_Units i-4/11/94-1- 6/2194 | -10/1/96 || 9/29/92 | 4r7is4 | -6/3/94 | -9/28/96 || 10/7/92. | 10/7192° D l 417194 - | 10/14/96 || -10/7/92 | 9/28/96 || 10/6/92 | .4/8/94 |.4/18/94.D | 5/31/94 LSIZOIQG .10/6/92 | 4/8/94 | .5(31/94 || 10/10/96
. Volatile Organic Compounds v

<5 <10 <t <10 <5 <10 | <1 26 28 11 7 16 7 <33 <5 <5 <25 2J <50 <5 <10 <1
<5 <10 <1 <10 <5 <10 <2 <10 <10 <0.5 <5 2J - <2 <33 <§ <5 <25 <2 <50 <5 <10 <1

<5 <10 <1 <10 <5 <10 <2 19 24 39 <5 5J <2 <33 <5 <5 <25 5 <50 <5 <10 - <1.
<5 <10 <1 <10 <5 <10 <1 2J 3J . <5 <5 2J <1 <33 <5 <5 . <25 < <50 <5 <10 <1
14 - 28J 4J 51 10 17J 7 2,700 D 2,800D 450 11 2,200D 120 680 420 430 -340 J 34 780 130 170 J 22
14 10 -6 14 9 10J 12 <10. <10 <5 <5 <10 <1 294 . 14 12 18 J 17 18 J 11 144J | 18
50 36 19 38 32 38J 50 <10 <10 <5 <5 <10 <1 254 22 19 34 J 84 40J 39 48 J 74
NA <2 NA NA D 3J NA - NA NA <5 NA <2 NA NA NA o 4 NA NA ' i <2

NA . 47 NA NA _E .| 100 NA NA NA 2J NA <2 NA NA NA 120 NA NA |~ I 150

140 ) NA 140 89 88 J NA <10 <10 <5 NA 2J NA 130 57 51 76 J NA 180 100 | 110J NA

<10 NA <10 <10 ] <10 NA <10 <10 <10 . NA <10 NA <33 17 16 <25 NA <50 <10 - <10 NA
NA <6 <10 NA | - <6 10J 10J NA 11 J <10J <8 45 J NA NA <o <6 <50 NA S . <8
Methylene Chioride <5 <2 <10 <5 <2 <10 <10 <5 <5 <10 <2 <21 <5 <5 o <2 <50 | <5 <2

‘Total Petroleum Hydrocarbons

mgiL) <0.4 NA NA NA | <04 NA NA NA NA 5.1 NA. NA NA NA <0.4 <0.4 NA NA NA <0.4 NA Il NA

mgit) <04 | NA NA NA | <04 NA | NA NA NA <0.4 NA NA NA. NA <0.4 <0.4 - NA NA NA <0.4 NA NA

(mgiL <04 NA NA NA | <04 NA NA NA NA <0.4 NA NA NA NA <0.4 - <0.4 NA NA NA <0.4 NA NA

Total Petroleum Hydrocarbons (mgll) || NA NA NA <05 | NA NA NA 1.7 NA NA NA 21D NA <0.5 NA NA NA NA <0.5 NA NA NA

' - Polynuclear Aromatic Hydrocarbons

Naphthalene _(ugll) <10 <10 NA <10 <10 <10 NA <10 " NA <10 NA + <10 NA <10 <10 <10 <10 NA <10 <10 <10 NA
Fluorene {ugiL) <2 <10 NA <10 | <2 <10 NA 5J NA 5 NA. 9J NA <10 <2 <2 <10 NA <10 <2 <10 NA
[IPhenathrene {ug/L <2 <10 NA <10 <2 <10 ‘NA <10 NA <2 NA 2J NA. <10 <2 <2 <10 NA <10 <2 <10 NA

nthracene {ug/L. <1 <10 NA <10 | <1 <10 NA <10 NA <4 NA <10 NA <10 <1 <1 <10 NA <10 <1 <10 NA

{ug/L) <2 <10 NA <10 <2 <10 NA ﬂ- <10 NA <2 NA <10 NA - <10 <2 <2 <10 NA <10 <2 <10 NA

ug/L <1 <10 NA <10 <1 <10 NA | <10 NA <1 NA. <10 NA <10 <1 <1 <10 NA <10 <1 <10 NA

Benzo(a) pyrene ug/L <0.2 <10 NA <10 <0.2 <10 NA <10 NA <0.2 NA <10 NA. <10 <p.2 <0.2 <10 NA . <10 <0.2 <10 NA
h,i) perylene ug/L <0.5 <10 NA <10 <0.5 <10 NA <10 NA <0.5 NA <10 NA <10 <0.5 <0.5 - <10 NA __ <10 <0.5 <10 NA

Benzo (b) fluoranthrene uglL <0.2 <10 NA <10 <0.2 <10 NA <10 NA <0.2 NA. <10 NA <10 <0.2 <0.2 - <10 NA <10 <0.2 <10 NA

General Water Chemi » '

Total Suspended Solids (mgiL) NA <10 NA NA NA 478 NA T NA NA NA NA NA NA NA NA NA - 45 NA NA NA. <10 NA
Carbon Dioxide mg/L 523 NA 76 NA 572 NA - 102 NA NA - 640 104 NA 173 NA 511 551 - NA 89 NA 516 ‘NA 74
Dissolved en mglL 3.4 NA NA NA 5 NA NA NA NA <0.2 NA NA NA NA 1.9 2.1 - NA NA NA 2.5 NA NA

Notes: -
1. NA:=.Not Analyzed.
2. R=Rejected.

3. J= Estimated value.
4. * = Elevated chiorinated organic detection imi{ as a'result of aromatic hydrocarbon détections.




Tabie 24
Summary of Ground-Water Elevation Data
Esso Tutu Servica Station P
St. Thomas, U.S.V.L
] , . _ _Pagedof3
Top of Casing Depthto | Depthto | Apparent Product | Corrected Ground-Water
Well Elevation Product Water Thickness Elevation
Location {feet) Date (feat) (feet) (feet) (feet)
[ CHT-2 | 161.86 __4/5/94 NE_ 13.94 - 0.00 ‘ 14792
'5/23/94 NE 15.05 0.00 ___ 148.81
9/28/96 NE | 1188 0.00 149.98
10/5/96 “NE | 11.65 0.00 150.21
10/6/96 NE 11.62 Q.00 150.24
10/11/96 NE 12.10 0.00 149.76
10/14/96 NE 1217 0.00 149.69
CHT-3 161.86 4/5/94 NE 16.64 ~0.00 14522
' "5/23194 NE 17.58 0.00 144.28
9/28/96 16.86 16.98 0.12 144.97
10/2/96 1579 | 16.02 0.23 146.01
10/3/96 16.40 16.64 0.24 14540
10/4/96 | 15.98 16.03 _ 0.05 145.87
10/5/96 | 1592 | 1595 0.03 145.93
10/6/96 16.02 16.07 0.05 145.83
~— 10/111/96 1702 | 1705 | _ 003 14483
; 1014/96 | 1722 | 17.27_ 0.05 14463
CHT-7D 158.29 5/23/94 NE 16.29 0.00__ 142.00
9/30/96 NE 15.79 T 000 142.50
10/6/96 NE 15.62 0.00 142.67
10/11/96 | _NE | 1611 0.00 _ 14218
L 1014/96 | NE | 1640 0.00 141.89
[ DW-1 167.16 4/5/94 NE 13.12 000 __154.04
| 5/10/94 _ NE 13.68 0.00 153.48
5/23/94 'NE 13.63 0.00 153.53
166.98 10/5/96 NE 1245 1 0.00 154.53
10/6/96 NE 1250 |  0.00 154.48
10/11/96 NE 15.96 0.00 151.02
L . 10/14/96 NE_ 16.03 0.00 150.95
[ mw-s 167.54 9M0/92_ NE 17.96 0.00 149.58
9A7/82_| NM__| NM NM —NM__
9/28/92 NE ] 17.03 0.00 150.51
10/28/92 NE 12.00 0.00 155.54
_11/8/92 NE | 1257 —0.00 154.97
11/16/92 "NE | 12.20 ~0.00 155.34
4/5/04 NE 1313 _.0.00 15441
51094 | NE ~13.70 0.00 153.84 -
5/23/94 NE 13.64 0.00 153.80
167.30 _9/28/96 NE 14.95 0.00 152.35
~10/5/96 NE 12.53 0.00 154.77
10/6/96 _ NE | 1260 0.00 154.70
~10/11/96 NE 15.57 0.00 151.73
10/14/96 _NE 15.61 ~0.00 151.69
MW-9 162.26 910792 NE T NM _NM N
9/17/92 NE 12.56 Sheen 149.70
9/28/92 NE 12.49 0.00 149.77
10/28/82 NE_ 11.33 0.00 _ 150.93
11/9/92 " NE NM NM — NM
11/16/92 NE 10.95 0.00 151.31
5/10/94 NE 11.76 0.00 150.50
~5/23/94 NE_ | 1175 0.00 N 150.51
162.26 10/5/96 | NE | 1430 000 147.96
10/6/96 NE 14.46 0.00 147.80
1014/96 | NE | 1496 _0.00 147.30

Forensic Environmental Services, Inc.




Table 2-4

Summary of Ground-Water Elevation Data
Esso Tutu Service Station
St. Thomas, U.S.V.l,

' Page 2 of 3
Top of Casing Depth to | Depth to | Apparent Product | Corrected Ground-Water
Well Elevation Product Water Thickness Elevation
Location feet Date | _(feet) (feet) (feet) (feet)
MW-9S 162.37 9/17/92 NE 13.22 Sheen . 149,15
9/28/92 13.00 13.11 011 - 149.34
10/28/92 NE 10.92 Sheen 151.45
11/9/92 NE _ 10.94 000 151.43
11/16/92 NE ~10.47 Sheen 151.90
5/10/94 NE 11,54 0.00 160.83
_5/23/94 NE__|__11.56 0.00 150.81
162.37 _9/28/96 ) Qg 14.40 0.00 147.97
10/6/96 NE 11.29 0.00 151.08
10/11/96 NE 11.95 0.00 150.42
) 10/14/98 NE 12.02 0.00 _ 150.35
MW-10 © 1615 9/10/92 NE 20.66 _0.00 - 140.84
9/17/92 NE. _20.70 0.00 140.80
9/28/92. _NE 20.52 0.00 140.98
10/28/92 _NE 17.66 0.00 143.84
11/9/92 | NE 17.42 0.00 144.08
- 11/16/92 NE 16.72 0.00 144.78
4/5/94 ~_NE 17.68 0.00 143.82
5/10/94 NE 17.58 0.00 143.92
5/23/94 NE 17.65 __ 0.00 143.85
9/28/96 ~ NE 16.92 ~0.00 144.58
10/5/96 NE 16.97 0.00 144.53
_10/8/96 | . NE 17.05 - 0.00 144.45
10/11/86 _|  NE 17.69 0.00 143.81
10/14/96 NE 17.97 0.00 143.53
e = =
MW-10D 161.38 9/10/92 NE 20.96 0.00 14042
9/17/92 NE_ 21.06 0.00 140.32
9/28/92 NE 20.98 0.00 140.40
10/28/92 NE 17.84 0.00 143.54
11/9/92 NE 17.88 0.00 143.50
11/16/92 NE 17.26 0.00 144.12
4/5/94 | NE 17.70 0.00 143.68
5/10/94 _NE 17.76 0.00 143.62.
5123/94 _NE__ 18.09 0.00 _143.29
_ 9/28/96 NE 17.60 0.00 _ 143.78
- 10/5/96 NE 17.42 0.00 143.96
10/6/96 NE 17.53 0.00 143.85
10/11/96 NE 18.20 0.00 143.18
1014/ | NE 18.50 0.00 142.88
— SW-1 |  166.36 | 12/20/93 | NE 18.40 0.00 14796
4/5/94 NE 20.07 0.00 146.29
5/10/94 NE 9.10 0.00 157.26
5/23/94 NE 20.50 0.00 14586
166.35 9/27/96 NE 19.15 0.00 147.20
9/27/96 NE 19.15 0.00 147.20
10/3/96 NE 19.51 0.00 146.84
10/4/96 NE 20.28 0.00 146.07
10/5/96 NE 19.42 0.00 146.93
10/6/96 NE 19.39 0.00 146.96
10/11/96 NE 20.19 0.00 N 146.16

Forensic Environmental Services, Inc.




Table 24
Summary of Ground-Water Elevation Data
Esso Tutu Service Station ~
St. Thomas, U.S.V.L
_ o Page3of3
Top of Casing Depthto | Depthto | Apparent Product | Corrected Ground-Water
Weil Elevation Product | Water Thickness Elevation
|. Location (feet) Date (feet) (feet) _ (feet) (feat)
SW-2 166.52 12/20/93 NE_ 16.10 0.00 150.42
4/5/94 NE 1783 | . 000 148.99
5/10/94 NE 1845 | 0.0 148.07
- 5/23/94 NE 1743 1 0.00 149,09
166.67 9/27/96 NE__ 17.00 0.00 149.67
/27796 NE 17.00 | 0.00 149.67
10/3/96 NE 1765 0.00 149.02
10/3/96 NE 17.72 _0.00 148.95
10/3/96 NE 17.72 0.00 148.95
10/4796 NE 17.40 — 0.00 149.27
_10/5/96 —NE 17.21 ~0.00 . 149.46
10/6/96_ NE 17.25 0.00 149.42
[ 10/11/96 NE 18.45 "~ 0.00 14822
10/14/96 NE 18.65 0.00 148.02
SW-3 166.68 —12/20/93 NE “15.79 0.00 150.89
4/5/94 NE 1716 | ~ 0.00 149.52
5/10/94 NE "18.96 "~ 0.00 147.72
5/23/94 NE 17.62 0.00 149.06
166.65 912796 16.30 16.60 0.30 " 150.27
10/1/96 16.70 16.99 0.29 __149.87
10/3/96 | 17.02 17.29 0.27 149.56
T10/3/96 | 17.02 17.29 0.27 149,56
10/3/96 | 17.02 17.28 0.26 ~_149.56
10/4/96 17.36 17.59 0.23 14923
10/5/96 | 2794 | 27.96 0.0Z “138.70
10/6/96 | 2361 | 23.66 0.05 143,03
10/11/96 16.98 17.01 0.03 " 149.66
10/12/96 17.14 17.18 0.04 14950
| 10M4/96 | 17.25 17.32 0.67 14938
SW-7 TT167.02 12720193 9.41 9.40 0.01 157.63
4/5/94 NE §.72 0.00 157.30
5/10/94 NE 10.08 - 0.00 156.94
5/23/94 NE 10.77 0.00 156.25
167.00 "9/19/96 8.21 9.55 0.34 ~157.75
_10/3/96 _ | 945 9.67 0.22 " 157.52
T 10/5/96 9.50 9.51 0.0 157.50
10/6/96 | _ 9.55 9.60 0.05 157.44
10/11/96 9.58 9.60 0,02 157.42
10/12/96 9.61 964 | 0.03 157.39
10/14/96 9.59 961 0.02 157.41
SW-8 167.47 " 9/23/96 NE 19.90 0.00 14757
9/24/96 NE 20.00 0.00 T 147.47
T 9/25/96 NE 20.22 0.00 __147.25
9/26/96 NE 20.30 0.00 147.17
10/3/96 NE 20.46 0.00 147.01
10/5/96 NE 20.26 ~0.00 — 147.21
10/6/96 NE 20.34 0.00 147.13
10/11/96 NE 20.96 0.00 14651
10/14/96 NE 21.16 0.00 146.31
Notes:

1. NE = Not Encountered.

2. NM = Not-Measured.

3. A specific gravity of 0.88 was used to calculate corrected ground-water elevation in monitering well SW-7. in any other
monitoring wells containing free groduct a value of 0.74 was used.
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Table 2-§

Summary of Phase-Separated Hydrocarbon Analyses

Esso Tutu Service Station
St. Thomas, U.S.V.L
(all units reported as ppm)

— — _Page1of1
- SW-3 SW-7 _CHY-3
e TR o e
Analytical Parameter FES EPA FES | EPA FES EPA 1
o - Gasoline ‘_eaddithres .
- »3§_0 NA 10 NA 84 NA
- ..<S0 NA <2 NA <50 NA
<50 NA <2 NA <50 NA
. <50 NA <2 NA <50 NA
=,= e
Volatile Ogganlc Cngounds !EPA Method 8280) —
_ 890 | 2500 ___ 8 <150 470 244
200 | <1600 T <2 <150 360 0.330 J
Ethytbenzene 8,600 8700 ) 62 35J 11,000 * 3.5J
m. D 1 17,000* T T F 10 11,000*
8,400, ] 31 _ 4,000
23,400 36,000 41 50J 15,000 8.8J
4,400 55 8500
14,000* 210 15,000
15,000 J 140 J - 334
14,000* 84 ~'16,000"
110.000 J 200 J 2J
69.000 J - 150J° " 16 J
__140J .
25.000 0 560 J 2.8
' 260 J
2104
410J
180 J
160 J
28.000J
9,400 J
_{ 13,0004
) "45.000J" |
14,000.J _ 154
S 3J
_ _ 25J
- 224
Unknown Compound #1 120
4-Chiorotoluene 880 13 <50 ’
1,2,4 Trimethylbenzene 19,000 120 20,000*
[lsec-Butylbenzene <50 35 3,100
1,2 Dichiorobenzene <50 15 <50
1.4 Dichiorobenzene <50 2 <50
[Trichlorogthene <50 <1,600 <2 <150 <50
[Tetrachloroethene. <50 <1.600 <2 <150 <50
1,1, Dichioroatheng <50 <1.600 <2 <150 <50
cis 1.2 Dichlorosthene _ <50 . ] ] <2 <50
trans 1,2 Dichicroethene <50 | <1,600 <2 <150 <50 ).
_ 5.300 300 4,100 0.880 J
Alcohols )
o B ey
<25 NA <25 NA <25 f
<25 NA <25 NA <25 NA
55 NA <25 NA 31 " NA
<25 NA <25 _ NA . <25 NA
<25 NA <25 ‘NA~® <25 NA
2¢MEmyI-1-pT_cJE§nol' <25 NA <$25_ NA_ <2_5 NA
Neopentyi alcohol <25 NA <25 NA <25 NA
1-Butanoi <25 __NA. <25 NA <25 NA
o ==
_ ____ Lead Alkyls _ i
[Fetrametnyl Lead <5 NA <5 NA <5 NA
Trimethylethyt Lead <§ NA <5 NA <5 NA
Dimethyl-diethyl Lead <5 NA ~ <5 NA <5 NA
Triethyl-methyl.Lead <5 NA <5 NA. <5 __NA
[Tetraethyilead ~ " &5 ~ NA~ <5 NA <5 “'NA
Notes:
1. MTBE = Metl Lty ether.
2. DIPE = Diisopropyl ethér
3. ETBE = Ethyl t-butyl ather.
4. TAME = -Amyi methy! ether.
5.

* 5" The value raported exceeded the highest caiibration standard.”

Forensic Environmental Services, Inc.




Table 4-

Air Linissions Calculations (Average System Discharge)
SVE/Bioventing System
Esso Tutu Service Station

St. Thomas, US.V.IL,
Average Soil Vapor | Molecular Contaminant Mass All Wellg[Contaminant Mass All Wells]
Concentration Weight Average Contaminant Mass Per Well @ 125.cfmn @ 175 cfm
Compound ppbv ppmv gm/mole mg/m’ kg/m’ kg’ Ibs/f® Ibs/cfm tbs/R*hour Ibs/cfm Ibs/f*/hour
Pentane: 123200 | 123.200 722 363.805 | 3.64E-04 | 1.03E-05] 2.27E-05 0.0028 0.170 0.0040 0.239
Hexane 9300 9.300 86.2 32,788 3.28E-05 | 9.29E-07 | 2.05E-06 0.0003 0.015 0.0004 0.021 |
Heptane 74 0.074 100.2 0.303 3.03E-07 | 8.59E-09 | 1.89E-08 | 2.37E-06 1426-04 | 3.31E-06 l.99l3-0q
Isooctane 4530 4.530 114.2 21.159 2.12E-05 | 5.99E-07 | 1.32E-06 0.0002 0.010 0.0002 0.014 |
lOciane 434 0:434 114.2 2.027 2.03E-06 |5.74E-08 | 1.27E-07] 1.58E-05 0.001 2.21E-05 0.001
DBenzene 1910 1.910 78.1 6.101 6.10E-06 | 1.73E-07 | 3.81E-07| 4.76E-05 0.003 6.67E-05 0.004
}W BE 7 0.007 88.2 0.025 2.52E-08 | 7.15E-10} 1.58E-09 1.971-07 1.18E-05 2.76E-07 1.65E-05
Toluene 316 0316 92.1 1.190 1.19E-06 | 3.375:-08 | 743E-08| 9.29E-06 0.001 1.30E-05 0.001
Fiiylbcnzcne 4026 4.026 106.2 17.487 1.756-05 | 4.95E-07 | 1.09E-06 0.0001 0.008 0.0002 0011
“jn- & p- Xylenes 372 0.372 106.2 1.616 1.62E-06 | 4.58:-08 | 1.01E-07 1.26E-05 0.001 1.77C-05 0.001
Hu-xylcl,lcs 104 0.104 106.2 0.452 4,526-07 | 1.2813-08 | 2.82E-08 |  3.53E-06 2.121:-04 4.94£-06 2.96E-04
"4-Ethyllolucne 250 0:256 120.2 1.259 1.26E-06 | 3.56E-08 | 7.861:-08 | 9.82E-06 0.001 1.38E-05 0.001
{{Cumene 1453 1.453 120.2 7.143 7.14E-06 | 2.02E-07 | 4.46L-07 0.0001 0.003 7.80E-05 0.005
|[Ll,2,4 Trimethylbenzene 406 0.406 120.2 1.996 2.00E-06. | 5.65E-08 ] 1.251:-07 | 1.56E-05 9.35E-04 2.18E-05 1.31E-03
“fl ,3,5 Trimethylbenzene 142 0.142 120.2 0.698 6.98E-07 | 1.983-08 | 4.361:-08| 5.45E-06 3.27E-04 7.63E-06 4.58E-04
Carbon Disulfide 19 0.019 76.1 0.059 SOIE-08 } 1.67E-09] 3.69E-09| 4.62E-07 2.7713-05 6.46E-07 3.88E-05
Freon 113 19 0.019 187.4 0.146 1.465-07 [4.12E-09 | 9.09E-09 | 1.14E-06 6.823-05 1.59L-06 9.55E-05
Trichloroethene 18 0.018 1314 0.097 9.67E-08 |2.741-09 | 6.0413-09| 7.55E-07 4.53-05 1.06E-06 6.34E-05
[Tetrachloroethane 101 0.101 165.8 0.685 6.85E-07 | 1.945-08 | 4.28E-08 | 5.35E-06 3.21E-04 7.48E-06 4.49E-04
EI"ICs/C,-C4 12107 12.107 86.2 42.684 4.27E-05 | L.21E-06 | 2.67E-06 0.0003 0.020 0.0005 0.028
TICs/C,-Cg 9990 9.990 184.4 75.344 7.53E-05 |}2.13E-06 | 4.70E-06{ 5.88E-04 0.035 0.0008 0.049
A B= C D= E= F= G= H= = H= =
A/1000 BxC/24.45 | D/1000000 | E/35.31 Fx2.20 | Gx125 Hx60 Gx125 Hx60
Total vapor contaminant mass removed:by treaiment sysiem in pounds/hour = 0.270 0.378
r Total estimated air emission in pounds/hour (nssumes minimum cat-ox destruction cfficieney of 95%) =l 0.014 T 0.019 I

ppbv = parts:per billion by-volume, ppmv = paris-per million by volume, mg = milligrams, gm = grams,
kg:=kilograms, 1bs = pounds, n® = cubic melers;(n’ = cubic.feet, cfm = cubic feet per minute

TFICs =itentitively identified compounids. For estimationpurposes, the. TIC with the highest molecular weight in
each grouip (2,2-dimethylbutane, 2,34 -trimethylilecang) was used in the caleulations.

Average-soil vapor concentrations based on.quamtitative vapor samples collected st the sile in Septeniber/Qctober 1996,

Total estimated air flow from:all wells is estimated at 125 ¢fin. Catalytic oxidizer will provide at least 95% treatment efficiency.
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Table 4-1b
Air Emissions Calculations (Maximum System Discharge)
SVE/Bioventing System
Esso Tutu Service Station

St. Thomas, U.S.V.L
Maximum Soil Vapor | Molecular Contaminant Mass All Wells | Contaminant Mass All Wells |
‘Cancentration Weight Average Contaminant Mass Per Well @ 125 cfm @ 175 cfm
Compound ppbv ppmv gm/mole mg/m’ kg/m’ kg/it® ibs/R’ 1bs/cfin Ibs/ft’/hour Ibs/cfm Ibs/A*Mhour
Pentane 260000 | 260.000 72.2 767771 | 7.68E-04 | 2.17E-051 4.79E-05 0.0060 0.360 0.0084 0.503
[(Hexane 19000 19.000 86.2 66.986 | 6.70E-05 | 1.90E-06{ 4.18E-06 0:0005 0.031 0.0007 0.044
[[Heptane 200 0.200 100.2 0.820 8.20E-07 |2.32E-08 | 5.12E-08] 6.40E-06 3.84E-04 8.96E-06 5.37E-04
[lisooctane 9200 9.200 114.2 42,971 4.30E-05 | 1.22E-06| 2.68E-06 0.0003 0020 | 0.0005 0.028
lOctane 1300 1.300 114.2 6.072 | 6.07E-06 | 1.72E-07}3.79E-07| 4.74E-05 0.003 0.0001 0.004
[[Benzene 5500 5.500 78.1 17.569 | 1.76E-05 | 4.98E-07] 1.10E-06; 0.0001 0.008 0.0002 0.012
MTBE 20 0.020 88.2 0.072 | 7.21E-08 | 2,04E-09]4.50E-09] 5.63E-07 3.38E-05 7.88E-07 4.73E-05
Toluene 920 0.920 92.1 3.466 | 3.47E-06 |9.81E-08]2.16E-07} 2.70E-05 0.002 3.79E-05 0.002
Ethylbenzene 12000 12.000 106.2 52.123 5.21E-05 | 1.48E-06 | 3.25E-06|  0.0004 0.024 0.0006 0.034
[m- & p- Xylenes 1100 1.100 106.2 4.778 4.78E-06 | 1.35E-07]2.988-07] 3.73E-05 0.002 0.0001 0.003
lo-Xylcnes 300 0.300 106.2 1.303 1.30E-06 | 3.69E-08 | 8.141:-08 |  1.O2E-05 6.10[-04 1.42E-03 8.54E-04
4-Ethyltoluene 760 0.760 120.2 3.736 3.74E-06 | 1.06E-07 | 2.33L-07|  2.92E-05 0.002 4.08E-05 0.002
fiCumene 4300 4.300 120:2 21.139 2.11E-05 | 5.99E-07 | 1.32C-06 0.0002 0.010 0.0002 0.014
1,2,4 Trimethylbenzene 1200 1.200 120.2 5.899 5.90E-06 | 1.67E-07 | 3.68E-07|  4.60E-05 0.003 0.0001 0.004
1,3,5 Trimethylbenzene 420 0.420 120.2 2.065 2.061:-06 | 5.85C-08 | 1.29E-07 1.61E-05 9.67C-04 2,26E-05 0.001
J[Carbon Disulfide - 50 0.050 76.1 0.156 1.56E-07 | 4.41E-09] 9.72E-09 1.21E-06 7.29E-05 1,70E-06 1.02E-04
I'reon 113 50 0:050 187.4 0.383 3.83E-07 | 1.O9E-08 | 2,39E-08] 2.99E-06 1.79E:04 4.19E-06 2.51E-04
Trichloroethene 29 0.029 131.4 0.156 1.56E-07 | 4.41E-09 | 9.73E-09 1.22E-06 7.30E-05 1.70E-06 1.02E-04
Tetrachloroethane 230 0.230 163.8 1.560 1.56E-06 | 4.42C-08 | 9.74E-08 1,22E-05 7.30E-04 1.70E-05 0.001
TICs/C,-C, 31500 31.500 86.2 111.055 | 1.11E-04 | 3.15E-06 | 6.93E-06 0.0009 0.052 0.0012 0.073
TICs/Cs-Co 26000 26.000 184.4 196.090 | 1.96E-04 | 5.55E-06 | 1.22E-05 0.00%5 0.092 2.14E-03 0.129
A B= c D= E= F= G= H= I= H= =
A/1000 ' BxC/24.45 | D/1000000 | E/35.31 Fx2.20 Gx125 Hx60 Gx125 Hx60
Total vapor contaminani mass removed by treatment system in pounds/hour = 0.612 0.856
| ] Total estimated air emission in pounds/hour (assumes minimum cat-ox destruction efficiency of 95%) =| 0.031

ppbv = parts.per billion by:voluine, ppmv = parts;per million by valume, mg = milligrams,.gm = grams,
kg = kilograms; 1bs=pounds, m’ = cubiic meters, A® = cubic:feet, cfin = cubic feet per minute

TICs = tentatively identified compounds. For estimation purposes; the TIC with the highest molecular weight in
each group (2,2-dimetliylbutane, 2,3,4 -trinicthyldecave) was used in fhe caleulations.

Maximuin soil vapor coicentrations based on quantitative vapor samples collected at the site in September/October 1996.

Total estimated air flow from all wells is:estimated at 125 cfim. Catalytic oxidizer will provide at feast 95% treatiment efficiency.
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Table 4-2

Ground-Water Contaminant Calculations
Ground-Water Extraction System (Air Stripper Design)

Esso Tutu Service Station
St. Thomas, U.S.V.L
Ground-Water Extraction Well Water Source/ % System Weighted Flow Design
(representative wells) Expected Yield Total Flow Concentration Concentration
Gl perched water table/ 8.3% ' Compound mg/L. mg/L
(SW-7) 0.5 gpm Benzene 2222 2,250
G2 perched water table/ 8.3% Toluene 134 150
(SW-7) 0.5 gpm [|[Ethylbenzene 684 700
G3 perched water table/ 83% Xylenes 1856 1,900
(SW-7) 0.5 gpm Total BTX 4211 4,300
G4 perched water table/ 8.3% IMTBE 19939 20,000
(SW-7) 0.5 gpm liTetrachloroethene 12 5
G5 shallow Tutu Aquifer/ 16.7% JiTrichloroethene 3 15
(SW-3) 1.0 ppm 1,2 Dichloroethene (total) 24 25
G6 shallow Tutu Aquifer/ 16.7% Vinyl Chloride 3 5
(MW-9, MW-9S, CHT-2) 1.0 gpm. Acctone 2 5
G17 shallow Tutu Aquifer/ 16.7% ‘ILMcthylene Chloride 14 15
(SW-8) 1.0 gpm
G8 shallow Tutu Aquifer/ 16.7% pg/L = micrograms per Jiter
(MW-10, MW-10D, 1.0 gpm
SW-1, CHT-3)

gpm = gallons per minute
Al1 1996 data from representative wells-averaged to calculate weighted concentrations except

G8; MW-10 & MW-10D averaged for CVOCs, SW-1 & CHT-2 averaged for VOCs

to provide "worst-case” scenarios:

Forensic Environmenal Services, Inc.




Table 4-3

Air Emissions Calculations
Ground-Water Extraction System (Air Stripper Off-Gas)
Esso Tutu Service Station '

St. Thomas, U.S.V.L
Weighted Flow Contaminant Mass Total Contaminant Mass H
Concentration @ 10 gpm in Ibs/hr ;
Compound pg/L mg/L gm/L gm/gal -gm/min gm/hr 6 gpm 10 gpm 12gpm
Benzene 2222 2222 0.0022 0.0084 0.0841 5.0456 0.0070 0.0116 0.0139
Toluene 134 0.134 0.0001 0.0005 0.0051 0.3036 0.0004 0.0007 0.0008
Ethylbenzene 684 0.684 0.0007 0.0026 0.0259 1.5541 0.0021 0.0036 0.0043
Xylenes 1856 1.856 0.0019 0.0070 0.0702 42144 0.0058 0.0097 0.0116
MTBE 19939 19.939 0.0199 0.0755 | 0.7547 45.2813 0.0624 0.1040 0.1248
Tetrachloroethene 12 0.012 1.20E-05 | 4.54E-05 | 0.0005 0.0273 3.75E-05 | 0.0001 0.0001
Trichloroethene 3 0.003 3.00E-06 | 1.14E-05 0.0001 0.0068 | 9.39E-06 | 1.56E-05 | 1.88E-05
| 1,2 Dichloroethene (total) 23 0.023 2.30E-05 0.0001 0.0009 0.0522 | 0.0001 0.0001 0.0001
||Vinyl Chloride 3 0.003 3.00E-06 | 1.14E-05 0.0001 0.0068 | 9.39E-06 | 1.56E-05 | 1.88E-05
‘||;Acetone 2 0.002 2.00E-06 | 7.57E-06 0.0001 0.0045 6.26E-06 | 1.04E-05 | 1.25E-05
Methylene Chloride 14 0.014 1.40E-05 | 0.000! 0.0005 0.0318 | 438E-05] 0.0001 | 0.0001
' A B= C= D= E= F= G= H= I=
A/1000 B/1000 Cx3.785 Dx10 Ex60 H/0.6 F/435.5 | H*1.2
r Total estimated air emission in pounds/hour (assumes 100% air stripper efficiency) '=| 0.0779 ] 0.1298 I 0.1558 |

L = liters, pg = microgram, mg = milligrams, gm = grams, gal = gallons, gpm = gallons per minule, min = minutes, Ibs = pounds, hr = hour

Weighted contaminant concentrations based on quantitative ground-water samples collected at the site in September/October 1996.
Table 4-2 provides assumptions used to calculate weighted flow concentrations.

Estimate assumes-air stripper will operation with a 100% treatment efficiency.

Forensic Environmental Services, Inc.



Table 6-1.
ITP Monitoring Summary:- Remedial Work Element 1
Esso Tutu Service Station
St. Thomas, U.S. V.1,
Time From Iniiial Project Treatment Sample Sampling/Monitoring Sampling
System Operation Phase System Component Location Parameter Frequency
0-2 Weeks Remedial Work Cat-Ox Vapor Influent/Efflucnt VOCs via TO-14 Twice per week
Element I Air Poitution Vapor influent/EMuent VOCs via field PID Four times per week
Contral: Vapor Efflucnt CO/0; via lield meter Four times per week
Vapor EMuent discharge velocity via field meter Four limes per week
) Vapor EMuent temperatuse, flow rate via cai-ox Four times per week
SVE Individual SVE Wells VOCs via PID Four times per week
Individual SVE Wells C0,/0, via field meter Four times per week
Individual SVE Wells Vacuum, flow rate at well via field gauge Four times per week
Individual VMPs Induced vacuum-at well via field gauge Four times per week
1 Ambient Site-Conditions: Barometric. pressure, lemperature via field meter Fourtimes pcr week
2- 8 Weeks' Remedial Work | Cat-Ox Yapor Influénit/Effuent VOCs via TO-14 Twice per month
Eiement] | Air Pollution Vapor Influeal/EMuent VOCs via field PID Twice-per-week
Control Vapor Effluent CO/0; via field meter Twice.per week.
: Vapor Efflucnt discharge velocity via field meter Twice per-week
1 Vapor Effiuent temperature, flow rate via cal-ox ‘Twice per week
SVE Individual SVE Wells: VOCs via TO-14 Monthly
Individual SVE Wells VOCs via PID Twice:per week:
Individual SVE Wells CO,0, via field meter Fwice: per week
Individual SVE Wells: Vacuum, flow rate at well via field gauge Twice: per week
Individual VMPs induced vacuum at well via field: gauge Twice.per week
i Awmbient Site Conditions Barometric pressure, temperature via ficld meter Twice per week
2-4 months Remedial Work § Cat-Ox Vapor Influem/Eilluent VOCs via TO-14 Monthly
Element Air Pollution Vapor Influent/EfMuent VOCs via field PID Wecekly
. ’ Control Vapor Effluent CO/Q, via ficld.meter Weekly
: ‘ Vapor Effluent discharge velocity via ficld meter Weekly
Vapor Effluent temperature, flow rale via cat-ox Weekly
SVE  hdividua) SVE Wells VOCs-via TO-14 Periodically
Individual SVE Wells VOCsvia PID Monthly
Individual SVIZ'Wells CO,/0, via licld meter Monthly
Individual SVEE Wells Vacuum, flow ratc al. well via field gauge Maonthly
Individual VMPs Induced vacuum a{ well via field gauge Monthly
Ambient Site Conditions Baromeltric pressure, lemperature via field meter Monthly

VMPs = vapor monitoritig points, VOCs = volatile organic compounds, PID = photoionization detector
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Table 6-2
I''P Monitoring Sunmmary - Remedial Work Element 11
Esso Tutu Service Station
St. Thomas, U.S.V.L
Time From Initial Project Treatment Sample Sampling/Monitoring. Sampling
System Operation Phase System Component Lacation ‘Parameter Frequency
0-2 weeks Remedial Work Ground-Water all on-site wells phus CHT-2, CHT-3, CHT-4, CHT-7D, Liguid:level measurements Daily
‘Element Il MW-98, MW-9, MW-10, MW-10D, G6, and G8
MW-8, DW-I Water level mneasuremenits - -Continyous
G-W Recovery Wells Total gallons extracted Daily
Air Stripper (AS) G-W Infl VOCs via 8240 & 8270 Monthly (first 15 days)
AS/TPDES G-W Efflucnt BTEX via 8240 Weckly
AS/TPDES G-W Influent/t: uent TPH via 8015A Weekly
TPDES G-W tnfluerniv/ifMisent lead via 7421 Weckly
TPDES' G-W Effluent pH via field metes; discharge:flow rate Weckly
TPDES G-W Efftuent TOC via D060A, ISS via 1602 Weekly
2-8 wecks Remedial Work: -Ground-Water all on-site wells plus:CHT-2, CHT-3, CHT-4, CHT-TD, Liguid-level:mcasurements Weekly
Element Il MW-9S, MW-9, MW-10, MW-10D, G6, and' G8:
MW-8, DW-1 Water level measurements Continuous
G-W Recovery Wells: Total gall d Weekly
G-W Recovery Wells Dissolved oxygen via ficld meter Monihly
G-W Recovery Wells VOCs via' 8240, TP} | via 8015A ‘Monihly
G-W Recovery Wells Hardness via 130.2, iron via 60108 One Event
SW-1,SW-3,SW-8, SW-9,.and SW-10 VOCs via 8240, TPH via 8015A Monthly
Air Stripper (AS) G-W Infl VOCs via:R240-& 8270 Monihily
AS/TPDES G-W EfMlyent BTEX via 8240 Weekly
AS/TPDES G-W Influcnt/EfMuent TPH via 8015A Weekly
TPDES G-W Influent/EfMuent tead via 7421 Weckly
TPDES G-W Efftiient pH via field meter, discharge flow rate Weekly
TPDES G-W Effluent TOC via'9060A, TSS via 160.2 Weekly
2-4 months " Remedial Work Ground-Water all on-site wells plus CHT-2, CHT-3, CHT-4, CHT-TD, Liquid-level incasusements Weekly
Element 1l MW-9S, MW-9, MW-10, MW-10D, G6, and G8
. MW-8, DW-1 Witer level measurements Continuous
G:W Recovery Wells Total gallosis.extracted Monthly
G-W Recovery Wells Dissolved oxygen via ficld meter Monthly
G:W Recovery Wells VOCs vin 8240, TPH via 8015A Monthily
G-W Recovery Wells Hardsiess via'130.2; iron via 60108 Periodically
SW-1, SW-3, §W-8, SW-9, and SW-10 VOC's vin 8240, TP via 8015A Mointhly
Air Sln'ppcr_(AS) G-W Inil VOUs vin 8240 & 8270 Monthl
ASTTPDES G-W EMucit NTEX via 8240 Monthly
AS/TPDES G-W Infl /EMuent. 't via 8015A Moiithly
! TPDES G-WEflluent lead via' 7421 Monthly
i TPDES G-W Effluent pH via field moter, discharge flow.rate Weekly
TPDES G-W Effluent TOC via9060A, TSS via 160.2 Weekly

VOCs = volatile organic compounds, TPH = total p hy
is regulsted by a DPNR Air Pollution Control Permit.

Lerh

" tud 3

ic carbon, TSS total suspended solids

Air stiipp is

18, TOC = total

B

Forensic Environmental Services, Inc.




Table 6-3
Compliance Monitoring Summary
Esso Tutu Service Station
St. Thomas, U;S,V.l.
Time From Project Permit Sample Sampling/Monitoring Sampling
Initial System Operation Phase: Type Location Parameter Frequency
4-6 months Remedial Work Cat-Ox Vapor Influent/Eftluent VOCs via TO-14 Monthly
Element | Air Polhition Vapor Influent/Effluent VOCs via field PID Weekly
Control Vapor Effluent. CO/), via ficld meter " Weekly
Vapor Effluent discharge: velocity via field meter Weekly
Vapor Effluerit temperature; flow rate:via cat-ox Weekly
Remedial Work | Air Stripper (AS) G-W Influent VOCs via 8240 & 8270 Monthly
Element Il AS/TPDES G-W Effluent BTEX vin 8240 Monthly
AS/TPDES G-W Influent/Effluent TPH via 8015A Manthly
TPDES G-W'EfTluent Jead via 7421 Monthly
TPDES G-W Effluent pH via Tield meter, discharge flow rate Weekly
TPDES G-W Effluent TOC via 9060A, TSS via 160.2 Weekly
6-12 months Remedial Work Cat-Ox Vapor Influent/Effluent VOCs via TO-14 Monthly
Clement | Air Pollution Vapor InflucnV/Efluent VOCs via ficld PID Monthly
Control Vapor Effluent CO/O, via leld meter Monthly
Vapor Effluent discharge velocity via field meter Monthly
Vapor Effluent temperature, flow rate via cat:ox. Monihly
Remedial Work | _Air Stripper {(AS) G-W influent "VOCs via 8240 & 8270 Monthly*
Element Il TPDES G-W Effluent BTEX via 8240 Monthly
AS G-W Influent’ TPH via 8015A Quarterly*
TPDES G-W Effluent TPH via 8015A Quarterly
TPDES G-W EfMlucnt lead via 7421 Montlily
TPDIS G-W Effluent pH via fickl meter, discharge flow rate Weckiv
TPDIIS G-W Efflucpt TOC vin 9060A, TSS via 160.2 Weeklv
after | year ‘Remedial Work Cat-Ox Vapor Influent/Efffuent VOCs via TO-14 Monthly*
Element:! Air Pollution Vapor Influent/Effluent VOCs-via ficll PID Monthly .
Control Vapor Effliscnt CO/O, via ficld meter Monthly
Vapor Efftiient discharge velocily via ficld meter Monthly
! Vapor Efluént temperalure, flow rate via cat-0x Monthly
Remedial Work | Air:Stripper (AS) | G-W Influent VOCs via-8240 & 8270 Maonthly*
Efement Il TPDES i G-W Effluent BTEX via 8240 Monthly
AS G-W Influent TPH via 8015A Quarerly*
TPDES G-W Effluent TPH via 8015A Quarterly
TPDES G-W Effluent lead via 7421 Monilily*
TPDES G-W Effluent pH via fickd.metes, discharge flow mate Weekly*
TPDES G-W EfMuent TOC via 9060A, TSS via 160.2 Weekly*

* Based on previous analytical resulis, PPNR may be pefitioned to rednce the monitoring ficqucncy.
VOCs = volaiile:organic compounds, TP = fotal petrolenm hydrocarbous, TOC = total-organic carbon, TSS total- suspcndcd soliils
Air stripper discherge isregulated by DPNR Air Pollution Control Permit.

Forensic Environmental Services, Inc.




Table 6-4
Performance Moniforing Summary
Esso Tutu Service Station
St. Thomas, U.S.V.L.
-
Time.From Project Treatment Sample Sampling/Monitoring Sampling
ﬂ Injtial System Operation Phase ‘System Location Parameter Frequeney
. 4:6 months | Remedial Work: SVE Individual SVE Wells VOCs-via TO-14 Periodically
' Element | Individual SVE Wells VOCs via PID Monthly
’ ’ lndividuat SVE Wells €0 ,/0; via Ticld meter \ Mouthly
Individual SVE Wells Vacuum, flow fate at:well via field gauge il Monthly
Z Individual VMPs Induced al well via ﬁelﬂ:gﬂuge Monthly
; Ambicm Site Conditions Barometsic pressure, temperatuse via ficld meter Monthly
‘Remedial Work | Ground-Water olt on:site wells plus CHT-2, CHT-3, CHT-4, CHT-7D, Liquid-level:measurements Weekly
Elementil. | MW-95, MW:9, MW-10, MW- 10D, G6, and G8
MW-8 DW-i Water level Con .
G-W Recovery Wells Total gallons extracted Monithly |
1 (-W Recovery Wells Dissolved oxygen via ficld meter Monihly
' 1 G-W Recovery Wells VOCs via 8240, TEH via 8015A Morithty
G-W Recovery Wells Hard via 130.2, iron via. 6010B Periodically
; SW-1, SW-3;, SW-8, SW-9, and SW-10 VOCs via 8240, TRH via B015A Monthly
6-12 th . " Remedial Work SVE/ Individual SVE/BE Wells- VOCs via TO-14 Periodically
Element | Bi ting Individual SVE/BE Wells- ‘'VOCs via PID Q h
Individual- SVE Wells C0,/0, via.fleld:meter Quarterly
A __ Individual BE Wells'VMPs CO,/0y/methane via ficldimet Q ly
Individual SVE/BE Wells Va flow rate at well via field gauge Q b,
fodividual VMPs ] Induced ot-well via field gauge Quarterly
‘Individual Bl Wells ] Vacuum, flow rate:at well via field gauge ] Quarterly
Ambient Site Conditions B ic.p , temp via field meter Monthly
Remedial Work Ground-Water all.on-site wells plus CHT=2, CHT-3, CHT-4, CHT-7D, Liquid-level measurements Weekly i
Element I MW-95, MW-9, MW- 10, MW- 10D; 6, and G8 . T
MW-8, DW-1 : Water level measurements C
G-W Recovery Wells:and G-W System ) Total gatlons d Monthly
G-W Recovery Wells Dissolved axygen via field meter Periodically
G-W Recovery Wells VOCs via 8240, TPH via 80315A Quarterly
G:W Recovery Wells Hardness via 130.2, iron via 60108 Periodically
SW-1, SW-3, SW-8, SW-9, and SW-10 VOCs via 8240, TPH via 8015A Qilarterly
afier | year Remedial Work SVE/ Individual:SVE/DBE Wells VOCs via TO-14 Periodically
’ Element | Bioveating Individudl'SVE/BE Wells VOCs via:PID Quarletly
J Individual SVE Wells COJ0, via field. meter Quaiterly
Individual BE Wells/VMPs CO40y/methane vis fleld meter . Quatierly
Individual: SVE/BE Wells : Vacuum, flow fate st.well via field gauge ! Quarterly
‘Individual VMPs Induced at well via ficld gauge : Quartesly
Individual Bt Wells Vaciium, -flow rate ai'well via ficld gauge i Quateily
Ambient Site. Conditions ‘Barometric p! , temperatiire via.field meter | Monthly
Remedial Work Ground-Water all-on-site wells plus CHT-2; CHT-3, CHT-4, CHT-1D, Liquid:level:measurenienis Quarterly
Element I MW-98, MW-9, MW-10, MW-10D, G6, and G8 .
G-W R y Wells and G-W_System Total gallons exiracted . Morithly
G-W Recovery Wells Dissolved oxygen via field meter Periodically
G-W Recovery Wells VOCs via 8240, TPH via 8015A . Quarterly
G-W Recovery Wells 11ardness via 130.2, iron via 6010B Periodically
SW-1, SW-3, SW-8, SW-9, and SW-10 VOCs via 8240, TP via 8015A Quarterly
VMP = vapar ronitoring point, BE = bioventing extraction, BI = bioventing injection, PID = photoionization d

VOCs = volatile organic compounds, TPH = totaf p

Forensic Environmental Services, Inc.




Table 6-5
Posi-Remediation Monitoring Summary
Esso Tutu Service Station’

St. Thomas, U.S.V.L
Time From Project Treatment Sample Sample Sampling Sampling
Initial:System Operation Phase System Medium Location Analysis Frequency
afler:achievement of Remedial Work SVE/ Soil 2 borings near north VOCs via 8240 Once
Performance Standards Element Bioventing. oil/water separator TPH via 8015A
(see Sections 5.0 and 5.1) 3 borings:south of the PAHs via 8310
oil/water separator
2 borings:south of
the dispenser islands | , ]
after achievement of Remedial Work | Ground-Water Ground Walcr all on-site wells plus VOCs via 8240 Annually for Three Years
Performance Standards Element It "Freatment CHT=2, CIIT-3, ‘TPH vin 8015A
(see Sections 5.2 and 5.3) CHT-4, CHT-7D,
MW-9S, MW-9,
: MW-10, MW-10D,
‘ | G6, and G8

VOCs-= volatile organic compounds, TPH'=tatal pétroleum hydrocarbous; PAlls = polycyclic aromatic hydrocarbons

Forensic Environmental Services, Inc.



Table 8-1
Construction Cost Estimate
Tutu Source Control Program
Esso Tutu Service Station
St. Thomas, U.S.V.L.

. Final Remedial Design

. Utility Connections, Permitting

. Installation of G-W/Vapor Recovery Wells

. Installation of Trenching/Piping

. Remedial Treatment System Assembly

. Remedial Treatment System Shipment & 1nstallation

. System Activation - ITP Implementation, 4 months O&M
. UAO/Compliance Reporting

TOTAL

Forensic Environmental Services, Inc.

_ Estimated Cost

$50,000
$15,000
$180,000
$85,000
$175,000
$45,000
$80,000
$115,000

$745,000



Table 8-2
Construction Implementation Schedule
Tutu Source Control Program
Esso Tutu Service Station
St. Thomas, US.V.L.

Pre-Sept. | September 1998 October'1998 | November 1998 | December1998 January 1999
1998 1 213] 4 1123 4.1»2 3{41t]{213]|]4111)2 32‘4 1999

1. Submit Final RD Report

2, Obtain Permits

3. Demolition of Station Buildings

4. Power Drop at Site B i !

2
S
S

G

T

5. Install G-W/Vapor Recovery Wells

6. Trenching/Pipe Installation

7. Install' Treatment Container:Pad

8. Order Treatment System Equipment

9, Assemble Treatment Systemn Components:

10, Pre-Shipment Testing of Treatment System'

11. Shipment of Treatment System Trailer

12. Treatment Trailer Installation/Connection

13, System Activation - ITP Implementation

720

14. Final System Start-Up

Project delays are expected as a.result of the impact of Hurricane Georges. The specific
impact on the project schedule cannot presently be fully evaluated.

Forensic Krivironmental Nervices, Inc.
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FIGURE 4-2

SOIL VAPOR/BIOVENT EXTRACTION AND BIOVENT INJECTION

WELL CONSTRUCTION DIAGRAM

ESS0 TUTU SERVICE STATION
ST. THOMAS, U.S.V.I.

GROUND SURFACE

VAULT TYPE OF PROTECTIVE
CASING

7

PORTLAND CEMENT/BENTONITE GROUT

SCREW ON WELL CAP

SCHEDULE 40 PVC

SAND PACK MINIMUM OF
2 FEET ABOVE SCREEN

SVEBIBE.DW(G

2-INCH DIAMETER
WITH THREADED JOINTS

BENTONITE PELLETS/SLURRY

TOP OF SCREEN

SCHEDULE 40 PVC SCREEN
2=INCH DIAMETER

BOTTOM CAP

WATER TABLE

01|

TOTAL WELL DEPTH

TOTAL BOREHOLE DEPTH
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FIGURE 4-4

OVERBURDEN GROUND-WATER EXTRACTION/BIOVENT INJECTION

WELL CONSTRUCTION DIAGRAM

ESS0 TUTU SERVICE STATION
ST. THOMAS, U.S.V.L

GROUND SURFACE

VAULT TYPE OF PROTECTIVE

CASING

PORTLAND CEMENT/BENTONITE GROUT

SCREW ON WELL CAP

SCHEDULE 40 PVC

SAND PACK MINIMUM OF
2 FEET ABOVE SCREEN

SGWEBLDWG

1-INCH DIAMETER

WITH THREADED JOINTS

BENTONITE PELLETS/SLURRY

TOP OF SCREEN

SCHEDULE 40 PV( SCREEN
4=INCH DIAMETER

BOTTOM CAP

A 4

WATER TABLE

TOTAL WELL DEPTI

TOTAL BOREHOLE DEPTH




FIGURE 4-5

SHALLOW BEDROCK GROUND-WATER EXTRACTION
WELL CONSTRUCTION DIAGRAM

ESSO TUTU SERVICE STATION
ST. THOMAS, U.S.V.L

GROUND SURFACE

SCREW ON WELL CAP

VAULT _TYPE OF PROTECTIVE
CASING

PORTLAND CEMENT/BENTONITE GROUT STAINLESS STEEL RISER

6-INCH DIAMETER
WITH THREADED JOINTS

BENTONITE PELLETS/SLURRY

SAND PACK MINIMUM OF
2 FEET ABOVE SCREEN

TOP OF SCREEN

= BEDROCK SURFACE

SBRGWE.DWG

é WATER TABLE

STAINLESS STEEL WOUND SCREEN
6-~INCH DIAMETER

BOREHOLE IN BEDROCK ADVANCED
BY AIR ROTARY DRILLING METHODS

BOTTOM CAP

TOTAL WELL DEPTH

TOTAL BOREHOLE DEPTH
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A Figure 7-1

Air Pollution Control
Soil Vapor Flow Diagram
Esso Tutu Service Station

Air Emission
Discharge
(iaximum approx. 17% c¢fm)

T

oEfflient Samnple

MAX. AIE Extracted ]
_FLow Soil '\‘up(n' Particulate Vacuum ) Catalytic
A{approx. 17D cfin) Filter Blower Oxidizer

einfluent Sample

Notes:

I. Influent soil vapors will be sourced from live soil vapor extraction wells and five bioventing wells.  Influent soil vapor will be

lreated by a catalvtic oxidation unil.

SYEFLOW.DWG




Figure 7-2
Air Pollution Control
i Ground-Water Flow Diagram
Esso Tutu Service Station

Air Stripper Aiv Emission
‘\'r“;t‘l‘,g"}“' I)i:«'l‘mrge (300 scfm)

J/ /]

Filter Unit
tparticulate)

Vapor Sample

Discharge of Water (4 gnl./min.)
(Outfall 001)

{
! .
| Low Profile
| Alr Stripper
- N | 3 Waler Sewer
WATER : .'l"\“m i 4 . Feed Carbon Adsorplion Units Storm Waler Sewer
Ground water 4 i
» lll.()w ) Pump {Two 50 gallon canisters)
4 gal./min.

{Turpeutine Run)

e TPDES influent

® TPDES effluent
® Air Stripper Intluent

® Air Stripper effluent

- Aqueous Monitoring Point

. Vapor Moniloring Point

Notes:
I.Influent water will be sourced from eight ground—water extraction wells (four overburden, 1 shallow bedrock).

2. Discharge of vapors from the air stripper will oceur al a rate of approximalely 300 cubic feel per minute {cfm).

TUTULINE.DWG




APPENDIX A
Trenching and Piping Drawings and Specifications
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SECTION 02300 - EARTHWORK
PART 1 - GENERAL

1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.
1.2 QUALITY ASSURANCE
A, Preexcavation Conference: Conduct conference at Project site prior to beginning
excavation. Schedule conference with Owner at award of contract.
13 PROJECT CONDITIONS
A..  Existing Utilities: Do not interrupt utilities serving facilities occupied by Owner or others
unless permitted in writing by Owner and then only after arranging to provide temporary
utility services according to requirements indicated:
1. Notify Owner not less than two days in advance of proposed utility interruptions.

2. Do not proceed with utility interruptions without Owner's written permission.
3. Contact utility-locator service for area where Project is located before excavating.

PART 2 - PRODUCTS

2.1 SOIL MATERIALS

A.  General: Provide borrow soil materials when $ufficient satisfactory soil materials are not
available from excavations.

B.  Satisfactory Soils: Free of rock or gravel larger than 3 inches (75 mm) in any dimension,
debris, waste, vegetation, and other deleterious matter.

C.  Unsatisfactory soils include satisfactory soils not maintained within 2 percent of optimum
moisture content at time of compaction.

D. Backfill and Fill: Satisfactory soil materials.

EARTHWORK o 02300 - 1
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E.

Subbase: Naturally or artificially gradéd mixture of natural or crushed gravel, crushed
stone, and natural or crushed sand; ASTM D 2940, with at least 90 percent passing a 1-1/2-
inch (38-mm) sieve and not more than 12 percent passing a No. 200 (0.075-mm) sieve.

Base: Naturally or artificially graded mixture of natural or crushed gravel, crushed stone,
and natural or crushed sand; ASTM D 2940; with at least 95 percent passing a 1-1/2-inch
(38-mm) sieve and not more than 8 percent passing a No. 200 (0.075-mm) sieve.

PART 3 - EXECUTION

3.1

A

3.3

PREPARATION

_Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused

by settlement, lateral movement, undermining, washout, and other hazards created by
earthwork operations. : ‘

Provide erosion-control measures to prevent erosion or displacement of soils and discharge
of soil-bearing water runoff or airborne dust to adjacent properties and walkways.

DEWA'I,'ERLNG

Prevent surface water and ground water from entering excavations, from ponding on
prepared subgrades, and from flooding Project site and surrounding area.

Protect subgrades from softening, undermining, washout, and damage by rain or water
accumulation. - '

1. Reroute surface water runoff away from excavated areas. Do not allow water to
accumulate in excavations. Do not use excavated trenches as temporary drainage
ditches. -

2. Install a dewatering system to keep subgrades dry and convey ground water away
from excavations. Maintain until dewatering is no longer required. ‘

EXCAVATION, GENERAL

Unclassified Excavation: Excavation to subgrade elevations regardless of the character of
surface and subsurface . conditions encountered, including rock, soil materials, and
obstructions.

EARTHWORK = - = | 02300-2
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1.  Ifexcavated mé.terials intended for fill and backfill include unsatisfactory soil materials
and rock, replace with satisfactory soil materials.

34 EXCAVATION FOR STRUCTURES

A.  Excavate to indicated elevations and dimensions within a tolerance of plus or minus 1 inch
(25 mm). Extend excavations a sufficient distance from structures for placing and removing
concrete formwork, for installing services and other construction, and for inspections.

1. - Excavation for Mechanical or Electrical Utility Structures: Excavate to elevatioris
and dimensions indicated within a tolerance of plus or minus 1 inch (25 mm). Do not
disturb bottom of excavations intended for bearing surface

3.5 EXCAVATION FOR WALKS AND PAVEMENTS

A.  Excavate surfaces under walks and pavements to indicated cross sections, elevations, and
grades.

3.6 EXCAVATION FOR UTILITY TRENCHES
A.  Excavate trenches to indicated gradients, lines, 'depths, and elevations.

B.  Excavate trenches to uniform widths to provide a working clearance on each sxde of pipe
or conduit.

C.  Trench Bottoms: Excavate and shape trench bottoms to provide uniform bearing and
support of pipes and conduit. Shape subgrade to provide continuous support for bells,
joints, and barrels of pipes and for joints, fittings, and bodies of conduits. Remove
projecting stones and sharp objects along trench subgrade. '

1. For pipes and conduit, shape bottom of trench to support bottorn 90 degrees of pipe
circumference. Fill depressions with tamped sand backfill.

2. Excavate trenches 6 inches (150 mm) deeper than elevation required in rock or other
unyielding bearing material to allow for bedding course.

3.7 APPROVAL OF SUBGRADE
A.  Notify Owner when excavations have reached requiréd subgrade.

B.  If Owner determines that unsatisfactory soil is present, continue excavation and replace with
compacted backfill or fill material as directed.

EARTHWORK | - - . 02300-3



Copyright 1997 AIA MASTERSPEC 5/97

3.8

39

3.10

311

Reconstruct subgrades damaged by rain, acéumulated water, or construction activities, as
directed by Owner.
UNAUTHORIZED EXCAVATION

Fill unauthorized excavation under foundations or wall footings by extending bottom
elevation of concrete foundation or footing to excavation bottom, without altering top

. elevation. Lean concrete fill may be used when approved by Owner.

STORAGE OF SOIL MATERIALS

Specific direction will be provided by the Owner.

" BACKFILL

Place and compact backfill in excavations promptly, but not before completing the
following:

1.  Construction below finish grade including, where applicable, dampproofing,
waterproofing, and perimeter insulation.

Surveying locations of underground utilities for record documents.

Inspecting and testing underground utilities.

Removing concrete formwork.

Removing trash and debris. _

Removing temporary shoring and bracing, and sheeting.

Installing permanent or temporary horizontal bracing on horizontally supported walls.

Noue LN

PIPE/CONDUIT TRENCH BACKFILL :

Place and compact bedding course on trench bottoms and where indicated. Shape bedding
course to provide continuous support for bells, joints, and barrels of pipes and for joints,
fittings, and bodies of conduits.

Backfill trenches excavated under footings and within 18 inches (450 mm) of bottom of
footings; fill with concrete to elevation of bottom of footings.

Place and corhpact initial backfill of subbase material, free of particles larger than 1 inch (25
mm), over the utility pipe or conduit.

1. Carefully compact material under pipe haunches and bring backfill evenly up on both

EARTHWORK | | 02300 - 4
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sides and along the full length of utility piping or conduit to avoid damage or
displacement of utility system. :

D. Coordinate backfilling with utilities testing.

E. Flll voids with approved backfill matenals while shoring and bracing, and as sheeting is
removed.

F.  Place and compact final backfill of satisfactory soil material to final subgrade.

- 3.12 FILL

A.  Preparation: Remove vegetation, topsoil, debris, unsatisfactory soil materials, obstructions,
and deleterious materials from ground surface before placing fills.

B. Plow, scanfy bench, or break up sloped surfaces steeper than 1 vertical to 4 horizontal so
fill material will bond with existing material.

3.13  MOISTURE CONTROL

A Unifoﬁnly moisten or aerate subgrade and each s'ubseqUent'ﬁﬂ or backfill layer before
compaction to within 2 percent of optimum moisture content..

1.  Remove and replace, or scarify and air-dry, otherwise satisfactory soil miaterial that
exceeds optimum moisture content by 2 percent and is too wet to compact to
specified dry unit weight.

3.14  COMPACTION OF BACKFILLS AND FILLS
A.  Place backfill and fill materials in layers not more than 8 inches (200 mm) in loase depth for

material compacted by heavy compaction equipment, and not more than 4 inchies (100 mm)

in loose depth for material compacted by hand-operated tampers.

B. ' Place backfill and fill materials evenly on all sides of structures to required elevations, and
uniformly along the full length of each structure.
C. Compact soil to not less than the following percentages of maximum dry unit weight

according to ASTM D 1557:

1. Under structures, building slabs, steps, and pavements, scarify and recompact top 12
inches (300 mm) of existing subgrade and each layer of backfill or fill material at 95
percent.

EARTHWORK | - | © 02300-5
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2. Under walkways, scarify and recompact top 6 inches (150 mm) below subgrade and
compact each layer of backfill or fill material at 92 percent.

3. Under lawn or unpaved areas, scarify and recompact top 6 inches (150 mm) below
subgrade and comipact each layer of backfill or fill material at 85 percent.

3.15 GRADING

A.  General: Uniformly grade areas to a smooth surface, free from irregular surface changes.
Comply with compaction requirements and grade to cross sections, lines, and elevatxons
indicated.

1.  Provide a smooth transition between adjacent existing grades and new grades.
2. Cutout soft spots, fill low spots, and trim high spots to comply with requxred surface
tolerances.

B.  Site Grading: Slope grades to direct water away from buildings and to prevent ponding.
Finish subgrades to required elevations within the following tolerances:

1. Walks Plus or minus 1 inch (25 mm). (

2. Pavements: Plus or minus 1/2 inch (13 mm).

A, Under pavements and walks, place subbase course on prepared subgrade and as follows:

1. Place base course material over subbase.

2. Compact subbase and base courses-at optimum moisture content to required grades,
lines, cross sections, and thickness to not less than 95 percent of maximum dry unit
weight according to ASTM D 1557.

3. Shape subbase and base to required crown elevations and cross-slope grades.

4. When thickness of compacted subbase or base course is 6 inches (150 mm) or less,
place materials in a single layer.

5.  When thickness of compacted subbase or base course exceeds 6 inches (150 mm),
place materials in equal layers, with no layer more than 6 inches (150 mm) thick or
less than 3 inches (75 mm) thick when compacted.

3.17  PROTECTION

A. Protecting Graded Areas: Protect newly graded areas from trafﬁc and erosion. Keep free
of trash and debris.

EARTHWORK . 02300-6
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B.  Repair and reestablish grades to specified tolerances where completed or partially completed
surfaces become eroded, rutted, settled, or where they lose compaction due to subsequent
construction operations or weather conditions.

C.  Where settling occurs before Project correction period elapses, remove finished surfacing,
‘backfill with additional soil material, compact, and reconstruct surfacing.

1.  Restore appearance, quality, and condition of finished surfacing to match adjacent
work, and eliminate evidence of restoration to the greatest extent possible.

3.18  DISPOSAL OF SURPLUS AND WASTE MATERIALS

A. Ownmer will provide speciﬁc direction.

END OF SECTION 02300

EARTHWORK . 02300 - 7
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SECTION 02751 - CEMENT CONCRETE PAVEMENT

PART 1 - GENERAL

1.1

A

1.2

13

14

RELATED DOCUMENTS

.Drawings aﬁd general provisions of the Contract, including Gereral and Supplementary

Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY
This Section includes exterior cement concrete pavement for the following:

1.  Driveways and roadways.
2. Parkinglots, '

QUALITY ASSURANCE
Installer Qualiﬁcat’i“onszf An experienced installer who has completed pavement work s‘imilér
in material, design, and extent to that indicated for this Project and whose work has resulted

in construction with a record of successful in-service performance.

M&mifactu_rer Qualifications: Manufacturer of ready-mixed concrete products complying

with ASTM C 94 requiremerits for production facilities and equipment.

1. Manufacturer must be certified according to the National Ready Mix Concrete
Association's Planit Certification Program.

Source Limitations: Obtain each type or class of cementitious material of the same brand
from the same manufacturer's plant and each aggregate from one source.. ‘

ACI Publications: Comply with ACI 301, "SpeCiﬁcation for Structural Concrete," unless
modified by the requirements of the Contract Documents.

- PROJECT CONDITIONS

Traffic Control: Maintain access for vehicular and pedestrian traffic.

CEMENT CONCRETE PAVEMENT =~ N ©02751-1
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PART 2 - PRODUCTS

2.1

A

22
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FORMS

Form Materials: Plywood, metal, metal-framed plywood, or other approved panel-type
materials to provide full-depth, continuous, straight, smooth exposed surfaces.

1. Use flexible or curved forms for curves of a radius 100 feet (30.5 m) or less.
Form-Release Agent: Commercially formulated form-release agent that will not bond with,

stain, or adversely affect concrete surfaces and will not impair subsequent treatments of
concrete surfaces. ‘

STEEL REINFORCEMENT

Plain-Steel Welded Wire Fabric: ASTM A 1835, fabricated from as-drawn steel wire into
flat sheets.

Deformed-Steel Welded Wire Fabric: ASTM A 497, flat sheet.
Reinforcement Bars: ASTM A 615/A 615M, Grade 60 (Grade 420), deformed.

Steel Bar Mats: ASTM A 184/A 184M; with ASTM A 615/A 615M, Grade 60
(Grade 420), deformed bars; assémbled with clips.

Plain Steel Wire: ASTM A 82, a;é drawn.

Joint Dowel Bars: Plain steel bars, ASTM A 615/A 615M, Grade 60 (Grade 420). Cut bars
true to length with ends square and free of burrs.

Tie Bars: ASTM A 615/A 615M, Grade 60 (Grade 420), defortned.

Bar Supports: Bolsters, chairs, spacers, and other devices for spacing, supporting, and
fastening reinforcement bars, welded wire fabric, and dowels in place. Manufacture bar
supports according to CRSI's "Manual of Standard Practice” from steel wire, plastic, or
precast concrete or fiber-reinforced concrete of greater compressive strength than concrete,
and as follows:

1. Equip wire bar supports with sand plates or horizontal runners where base matenal
will not support chair legs.

CEMENT CONCRETE PAVEMENT | 02751 -2
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CONCRETE MATERIALS

General: Use the same brand and type of cementitious material from the same manufacturer
throughout the Project. :

Portland Cement: ASTM C 150, Type I or IL.

1.  Fly Ash: ASTM C 618, ClassF or C.

2. Ground Granulated Blast-Furnace Slag: ASTM C 989, Grade 100 or 120

Aggregate: ASTM C 33, uniformly graded, from a single source.

Water: ASTM C 94,

CURING MATERIALS

. Absorptive Cover: AASHTO M 182, Class 2, burlap cloth made from jute or kenaf,

weighing approximately 9 oz./sq. yd. (305 g/sq. m) dry.

Moisture-Retaining Cover: ASTM C 171, polyethylene film or white burlap-polyethylene
sheet.

Water: Potable.

Evaporation Retarder: Waterbome monomolecular film forming, manufactured for
application to fresh concrete.

Available Products: Subject to compliance with requ:rements products that may be
incorporated mto the Work include, but are not limited to, the following:

. 1. Evaporation Retarder:

Cimfilm; Axim Concrete Technologies.

Finishing Aid Concéntrate; Burke Group, LLC (The).
Spray-Film; ChemMasters.

Aquafilm; Conspec Marketing & Manufacturing Co., Inc.
Sure Film; Dayton Superior Corporation.

Eucobar; Euclid Chemical Co.

Vapor Aid; Kaufman Products, Inc.

Lambco Skin; Lambert Corporation.

E-Con; L&M Construction Chemicals, Inc.

Confilm; Master Builders, Inc.

Waterhold; Metalcrete Industries.

Rich Film; Richmond Screw Anchor Co.

SRS TR e e o w
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A .EXpansion- and Isolation-Joint-Filler Strips: ASTM D 1751, asphalt-saturated cellulosic
fiber.

B.  Expansion- and Isolation-Joint-Filler Strips: ASTM D 1752, cork or self-expanding cork.

C. Expansion- and Isolation-Joint-Filler Strips: ASTM D 1751, asphalt-saturated cellulosic
fiber, or ASTM D 1752, cork or self-expanding cork.

D. Epoxy Bonding Adhesive: ASTM C 881, two-component epoxy resin, capable of humid
curing and bonding to damp surfaces, of class and grade to suit requirements, and as
follows: :

1. Type: Class II, non-load bearing, for bonding freshly mixed to hardened concrete.
2. Type: Class I and II, non-load bearing, for bonding hardened or freshly mixed
concrete to hardened concrete.
2.6 CONCRETE MIXES

A.  Prepare design mixes, proportioned according to ACI211.1 and ACI 301, for each type and
strength of normal-weight concrete determined by either Iaboratory tnal mixes or field
experience.

B.. Proportion mixes to provide concrete with the following properties:

1. Compressive Strength (28 Days): 3000 psi (20.7 MPa).
2. Maximum Water-Cementitious Materials Ratio: 0.40
3. Slump Limit: 4 inches (100 mm).
C.  Cementitious Materials: Limit percentage, by weight, of cementitious materials other than
portland cement in concrete as follows:
. L. Fly Ash: 25 percent. :
2. Combined Fly Ash and Pozzolan: 25 percent.
3. Ground Granulated Blast-Furnace Slag: 50 percent.
4. Combined Fly Ash or Pozzolan, and Ground Granulated Blast-Furnace Slag: 50
CEMENT CONCRETE PAVEMENT ' , A 02751 -4
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2.7

3.1

A

32

percent portland cement minimum, with fly ash or pozzolan not exceeding 25 percent.

CONCRETE MIXING

Ready-Mixed Concrete: Comply with requirements and with ASTM C 94 and -
ASTM C 1116. '

1. When air temperature is between 85 deg F (30 deg C) and 90 deg F (32 deg C),
reduce mixing and delivery time from 1-1/2 hours to 75 minutes; when air
temperature is above 90 deg F (32 deg C), reduce mixing and delivery time to 60
minutes. ‘ '

Project-Site Mixing: Comply with requirements and measure, batch, and mix concrete
materials and concrete according to ASTM C 94. Mix concrete materials in appropriate
drum-type batch machine mixer. '

1.  Formixers of 1 cu. yd. (0.76 cu. m) or smaller capacity, continue mixing at least one
and one-half minutes, but not more than five minutes after ingredients are in mixer,
before any part of batch is released. -

2. For mixers of capacity larger than 1 cu. yd. (0.76 cu. m), increase mixing time by 15

seconds for each additional 1 cu. yd. (0.76 cu. m).

Provide batch ticket for each batch discharged and used in the Work, indicating

Project identification name and number, date, mix type, mix time, quantity, and

amount of water added. '

(V2]

" PART 3 - EXECUTION

PREPARATION

Proof-roll prepared subbase surface to check for unstable areas and verify need for
additional compaction. Proceed with pavement only after noriconforming conditions have
been corrected and subgrade is ready to receive pavement.

Remove loose material from compacted subbase surface immediately before placing
concrete.

EDGE FORMS AND SCREED CONSTRUCTION

Set, brace, and secure edge forms, bulkheads, and intermediate screed guides for pavement

to required lines, grades, and elevations. Install forms to allow continuous progress of work
and so forms can remain in place at least 24 hours after concrete placement.

CEMENT CONCRETE PAVEMENT | - 02751 -5
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Clean forms after each use and coat with form release agent to ensure separation from
concrete without damage.

STEEL REINFORCEMENT

General: Comply with CRSI's "Manual of Standard Practice” for fabncatmg reinforcement
and with recommendations in CRSI's "Placing Reinforcing Bars" for placing and supporting
reinforcement.

Clean reinforcement of loose rust and mill scale, earth, ice, or other bond-reducing
materials.

Arrange, space, and securely tie bars and bar supports to hold reinforcement in position
during concrete placement. Maintain minimum cover to reinforcément.

Install welded wire fabric in lengths as long as practicable. Lap adjoining pieces at least one
full mesh, and lace splices with wire. Offset laps of adjoining widths to prevent continuous
laps in either direction.

Install fabricated bar mats in lengths as long as practicable. Handle units to keep them flat
and free of distortions. Straighten bends, kinks, and other irregularities, or replace units as
required before placement. Set mats for a minimum 2-inch (SO-mm) overlap to adjacent
mats. ,

JOINTS

General: Construct construction, isolation, and contraction jqi‘nts and tool edgings true to
line with faces perpendicular to surface plane of concrete. Construct transverse joints at
right angles to centerline, unless otherwise indicated.

1.  Whenj jeining existing pavement place transverse joints to align with prevxously
placed joints, unless otherwise indicated.

Construction J oints Set construction joints at side and end terminations of pavement and
at locations where pavement operations are stopped for more than one-half hour, unless
pavement terminates at isolation joints.

1. Provide preformed galvanized steel or plastic keyway-section forms or bulkhead
forms with keys, unless otherwise indicated. Embed keys at least 1-1/2 inches (38
mm) into concrete.

2. Continue reinforcement across construction joints, unless otherwise indicated. Do not

continue reinforcement through sides of pavement strips, unless otherwise indicated.

Provide tie bars at sides of pavement strips where indicated.

W

CEMENT CONCRETE PAVEMENT 02751 -6
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' 4.  Use epoxy bonding adhesive at locations where fresh concrete is placed against
hardened or partially hardened concrete surfaces.
' C. Isolation Joints: Form isolation joints of preformed joint-filler strips abutting concrete
curbs, catch basins, manholes, inlets, structures, walks, other fixed objects, and where
' indicated.
: 1. Locate expansion joints at intervals of 50 feet (15.25 m) unless othervnse indicated.
.. Extend joint fillers full width and depth of joint.
: 3. Terminate joint filler less than 1/2 inch (12 mm) or more than 1 inch (25 mm) below
finished surface if joint sealant is indicated.
l 4.  Place top of joint ﬁller flush with finished concrete surface if joint sealant is not
indicated.
5. Furnishj joint fillers in one-piece lengths. Where more than one length is required, lace
' ’ or clip joint-filler sections together.
' 6.  Protect top edge of joint filler during concrete placement with metal, plastic, or other
_ temporary preformed cap. Remove protective cap after concrete has been placed on
. both sides of joint.
v D. Install dowel bars and support assemblies at joints where indicated. Lubricate or asphalt-
l coat one-half of dowel length to prevent concrete bonding to one side of joint.
, E.  Contraction Joints: Form weakened-plane contraction joints, sectioning concrete into areas
I as indicated. Construct contraction joints for a depth equal to at least one-fourth of the
_ concrete thickness, as follows:
I 1. Grooved Joints: Form contraction joints after initial floating by grooving and
' finishing each edge of joint with groover tool to the following radius. Repeat
grooving of contraction joints after applying surface finishes. Eliminate groover
' marks on conerete surfaces.
2. Sawed Joints: Form contraction joints with power saws equipped with shatterproof
l . abrasive or diameond-rimmed blades. Cut 1/8-inch- (3-mm-) wide joints into concrete
when cutting action will not tear, abrade, or otherwise damage surface and before
l developing random contraction cracks.
F. Edging: Tool edges of pavement, gutters, curbs, and joints in concrete after initial floating
' with an edging tool to the following radius. Repeat tooling of edges after applying surface
finishes. Eliminate tool marks on concrete surfaces.
. - 35 CONCRETE PLACEMENT
‘ A. Inspection: Before placing concrete, inspect and complete formwork installation,
_ reinforcement steel, and items to be embedded or cast in. Notify other trades to permit
I CEMENT CONCRETE PAVEMENT : 02751 -7
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instal_lation of their work.

B. Moisten subbase to provide a uniform dampened condition at the time concrete is placed.
- Do not place concrete around manholes or other structures until they are at the required
finish elevation and alignment.

C.  Comply with requirernents and wnh recommendatxons in ACI 304R for measunno mixing,
transporting, and placing concrete.

D. Do not add water to concrete during delivery, at Project site, or during placement.

E.  Deposit and spread concrete in a continuous operation between transverse joints. Do not
push or drag concrete into place or use vibrators to move concrete into place.

F.  Consolidate concrete by mechanical vibrating equipment supplemented by hand-spading,
rodding, or tamping. Use equipment and procedures to consolidate concrete according to
recommendations in ACI 309R.

1. Consolidate concrete along face of forms and adjacent to transverse joints with an
internal vibrator. Keep vibrator away from joint assemblies, reinforcement, or side
forms. Use only square-faced shovels for hand-spreading and consolidation.
Consolidate with care to prevent dislocating reinforcement, dowels, and joint devices.

the required depth below finish surface. Lay welded wire fabric or fabricated bar mats
immediately in final position. Place top layer of concrete, strike off, and screed.

1. Re‘move and replace portions of bottom layer of concrete that have been placed more
than 15 minutes without being covered by top layer or use bonding agent if approved
by Owner.

H.  Screed pavement surfaces with a straightedge and strike off. Commence initial floating
using bull floats or darbies to form an open textured and uniform surface plane before excess
moisture or bleed water appears on the surface. Do not further disturb concrete surfaces
before beginning finishing operations or spreading dry-shake surface treatments.

L Hot-Weather Placement: Place concrete according to recommendations in ACI 305R and
as follows when hot-weather conditions exist:

1. Cool ingredients before mixing to maintain concrete temperature at time of placement
below 90 deg F (52 deg C). Chilled mixing water or chopped ice mdy be used to
control temperature, provided water equivalent of ice is calculated to total amount of
mixing water. Using liquid nitrogen to cool concrete is Contractor's option.

2. Cover reinforcement steel with water-soaked burlap so steel temperature will not
exceed ambient air temperature immediately before embedding in concrete.

CEMENT CONCRETE PAVEMENT | 02751 -8
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3.6

3.7

3.  Fog-spray forms, reinforcement steel, and subgrade just before placing concrete.

Keep subgrade moisture uniform without standing water, soft spots, or dry areas.

CONCRETE FINISHING |

General: Wetting of concrete surfaces during screeding, initial floating, or finishing
operations is prohibited. :

Float Finish: Begin the second floating operation when bleed-water sheen has disappeared
and the concrete surface has stiffened sufficiently to permit operations. Float surface with
power-driven floats, or by hand floating if area is small or inaccessible to power units.
Finish surfaces to true planes. Cut down high spots, and fill low spots. Refloat surface
immediately to uniform granular texture.

1.  Burlap Finish: Draga seamless strip of damp burlap across float-finished concrete,
perpendicular to line of traffic, to provide a uniform, gritty texture.

CONCRETE PROTECTION AND CURING

General: Protect freshly placed concrete from premature drying and excessive cold or hot
temperatures. Comply with ACI 306.1 for cold-weather protection and follow
recommendations in ACI 305R for hot-weather protection during curing.

Evaporation Retarder: Apply evaporation retarder to concrete surfaces if hot, dry, or windy
conditions cause moisture loss approaching 0.2 Ib/sq. ft. x h (1 kg/sq. m x h) before and
during finishing operations. Apply according to manufacturer's written instructions after
placing, screeding, and bull floating or darbying concrete, but before float finishing.

Begin curing after finishing concrete, but not before free water has disappeared from
concrete surface.

Curing Methods: Cure concrete by moisture curing, moisture-retaining-cover curing, curing

D.
compound, or a combination of these as follows:
1. Moisture Curing: Keep surfaces continuously monst for not less than three days with
the followmg materials:
a. Water,
b Continuous water-fog spray.
c.  Absorptive cover, water saturated, and kept continuously wet. Cover concrete
surfaces and edges with 12-inch (300-mm) lap over adjacent absorptive covers.
2. Moisture-Retaining-Cover Curing: Cover concrete surfaces with moisture-retaining
CEMENT CONCRETE PAVEMENT : 02751-9
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cover for curing concrete, placed in widest practicable width, with sides and ends
lapped at least 12 inches (300 mm), and sealed by waterproof tape or adhesive.
Immediately repair any holes or tears during curing period using cover material and
waterproof tape.

3.  Curing Compound: Apply uniformly in continuous operation by power spray or roller
accordino to manufacturer's written instmctions Recoat areas subjected to heavy

repau' damage durmo curing penod

'38  PAVEMENT TOLERANCES

A. Comply with tolerances of ACI 117 and as follows:

1.  Elevation: 1/4 inch (6 mm).

2. - Thickness: Plus 3/8 inch (9 mm), minus 1/4 inch (6 mm).

3.~ Surface: Gap below 10- foot- (3-m-) long, unleveled straightedge not to exceed 1/4
inch (6 mm). '

4.  Lateral Alignment and Spacing of Tie Bars and Dowels: 1 inch (25 mm).

Vertical Alignment of Tie Bars and Dowels: 1/4 inch (6 mm).

6.  Alignment of Tie-Bar End Relanve to Line Perpendxcular to Pavement Edge: 1/2inch
(13 mm).

7.  Alignment of Dowel-Bar End Relatwe to Line Perpendicular to Pavement Edge:

Length of dowel 1/4 inch per 12 inches (6 mm per 300 mm).

Joint Spacing: 3 inches (75 mm).

Contraction Joint Depth: Plus 1/4 inch (6 mm), no minus.

0. Joint Width: Plus 1/8 inch (3 mm), no minus.

e

= 0

3.9 REPAIRS AND PROTECTION

A.  Removeand replace concrete pavement that is broken damaged, or defective, or does not
‘ meet requirements in this. Section.

B.  Drill test cores where directed by Owner when necessary to determine magnitude of cracks
~or defective areas. Fill drilled core holes in satisfactory pavement areas with portland
cement concrete bonded to pavement with epoxy adhesive.

C.  Protect concrete from damage. Exclude traffic from pavement for at least 3 days after
placement.  When construction traffic is permitted, maintain pavement as clean as possible
by removing surface stains and spillage of materials as they occur.

D. Maintain concrete pavement free of stains, discoloration, dirt, and other foreigh material.

Sweep concrete pavement not more than two days before date scheduled for Substantial

CEMENT CONCRETE PAVEMENT | 02751 - 10
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SECTION 03301 - CAST-IN-PLACE CONCRETE (LIMITED APPLICATIONS)

PART 1 - GENERAL

1.1 RELATED DOCUMENTS
A. - Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.
12 SUBMITTALS
A. General: In addition to the following, comply with submittal requirements in ACI 301.
B. Product Data: For each type of manufactured material and product indicated.
C. Design Mixes: For each concrete mix.
1.3 QUALITY ASSURANCE
A.  Installer Qualifications: An experienced installer who has completed concrete work similar
in material, design, and extent to that indicated for this Project and whose work has resulted
in construction with a record of successful in-service performance.
B.  Manufacturer Qualifications: A firm experienced in manufacturing ready-mixed concrete
preducts complying with ASTM C 94 requirements for production facilities and equipment.
C. Source Limitations: Obtain each type of cement of the sé.me brand from the. same
manufacturer's plant, each aggregate from one source, and each admixture from the same
manufacturer.
D. Comply with ACI 301, "Specification for Structural Concrete," including the following,
unless modified by the requirements of the Contract Documents.
1. General requirements, including submittals, quality assurance, acceptance of structure,
and protection of in-place concrete.
2. Formwork and form accessories.
3. Steel reinforcement and supports.
4. Concrete mixtures.
5. Handling, placing, and constructing concrete.
CAST-IN-PLACE CONCRETE (LIMITED APPLICATIONS) - 03301-1
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PART 2 - PRODUCTS

2.1 . FORMWORK
A.  Furnish formwork and form accessories according to ACI 301.
22 STEEL REINFORCEMENT
A.  Reinforcing Bars: ASTM A 615/A 615M, Grade 60 (Grade 420), deformed.
B. Plain-Steel Wire: ASTM A 82, as drawn.
C. Plain-Steel Welded Wire Fabric: ASTM A 185, fabricated from as-drawn steel wire into
flat sheets.
D. Deformed-Steel Welded Wire Fabric: ASTM A 497, flat sheet.
2.3 CONCRETE MATERIALS
A Portland Cement: ASTM C 150, Type L.
B.  Normal-Weight Aggregate: ASTM C 33, uniformly graded, not exceeding 1-1/2-inch (38-
mm) nominal size.
C.  Water: Potable and complying with ASTM C 94.
2.4 RELATED MATERIALS
A.  Fine-Graded Granular Material: Clean mixture of crushed stone, crushed gravel, and
manufactured or natural sand; ASTM D 448, Size 10, with 100 percent passing a No. 4
(4.75-mm) sieve and 10 to 30 percent passing a No. 100 (0.15-mm) sieve; complying with
deleterious substance limits of ASTM C 33 for fine aggregates.
B.  Joint-Filler Strips: ASTM D 1751, asphalt-saturated cellulosic ﬁber or ASTM D 1752,
cork or self-expanding cork.
2.5 CURING MATERIALS
A.  Water: Potable.
CAST-IN-PLACE CONCRETE (LIMITED APPLICATIONS) 03301-2
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26  CONCRETE MIXES
A, Comply with ACI 301 requirements for concrete mixtures.

B. Prepare design mixes, proportioned according to ACI 301, for normal-weight concrete
determined by either laboratory trial mix or field test data bases, as follows:

1.  Compressive Strength (28 Days): 3000 psi (20.7 MPa).
2. Slump: not more than 4 inches (100 mm).
2.7 ‘CONCRETE MIXING
A.  Ready-Mixed Concrete: Comply with ASTM C 94 and ASTM C 1116.
1. When air temperature is between 85 and 90 deg F (30 and 32 deg C), reduce mixing
and delivery time from 1-1/2 hours to 75 minutes; when air temperature is above 90

deg F (32 deg C), reduce mixing and delivery time to 60 minutes.

B.  Project-Site Mixing: Measure, batch, and mix concrete materials and concrete according
to ASTM C 94. Mix concrete materials in appropriate drum-type batch machine mixer.

1. For mixer capacity of 1 cu. yd (0.76 cu. m) or smaller, continue mixing at least one
and one-half minutes, but not more than five minutes after ingredients are in mixer,
before any part of batch is released. :

2. For mixer capacity larger than 1 cu. yd. (0.76 cu. m), increase mixing time by 15

- seconds for each additional 1 cu. yd. (0.76 cu. m).

3. Provide batch ticket for each batch discharged and used in the Work, indicating
Project identification name and number, date, mix type, mix time, quantity, and
amount of water added. Record approximate location of final deposit in structure.

PART 3 - EXECUTION

31  FORMWORK

A Design, construct, erect, shore, brace, and maintain formwork according to ACI 301.

32  STEEL REINFORCEMENT

A.  Comply with CRSI's "Manual of Standard Practice” for fabricating, placing, and supporting
reinforcement.

CAST-IN-PLACE CONCRETE (LIMITED APPLICATIONS) | 03301 -3

4 5 d



Copyright 1997 AIA | MASTERSPEC 1197

3.3

34

JOINTS
General: Construct joints true to line with faces perpendicular to surface plane of concrete.

Construction Joints: Locate and install so as not to impair strength or appearance of
concrete.

Contraction (Control) Joints in Slabs-on-Grade: Form weakened-plane contraction joints,
séctioning concrete into areas as indicated. Construct contraction joints for a depth equal

to at least one-fourth of the concrete thickness, as follows:

1.  Grooved Joints: Form contraction joints after initial floating by grooving and
finishing each edge of joint with groover tool to a radius of 1/8 inch (3 mm). Repeat
grooving of contraction joints after applying surface finishes. Eliminate groover
marks on concrete surfaces. '

2.  Sawed Joints: Form contraction joints with power saws equipped with shatterproof
abrasive or diamond-rimmed blades. Cut 1/8-inch- (3-mm-) wide joints into concrete
when cutting action will not tear, abrade, or otherwise damage surface and before
concrete develops random contraction cracks.

CONCRETE PLACEMENT

Comply with recommendations in ACI 304R for measuring, mixing, transporting, and
placing concrete.

Do not add water to concrete during delivery, at Project site, or during placement.

Consolidate concrete with mechanical vibrating equipment.

FINISHING FORMED SURFACES

Rough-Formed Finish: As-cast concrete texture imparted by form-facing material with tie
holes and defective areas repaired and patched, and fins and other projections exceeding 1/4
inch (6 mm) in height rubbed down or chipped off.

1.  Apply to concrete surfaces not exposed to public view.

Related Unformed Surfaces: At tops of walls, horizontal offsets, and similar unformed
surfaces adjacent to formed surfaces, strike off smooth and finish with a texture matching
adjacent formed surfaces. Continue final surface treatment of formed surfaces uniformly
across adjacent unformed surfaces, unless otherwise indicated.

CAST-IN-PLACE CONCRETE (LIMITED APPLICATIONS) 03301 -4
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36  FINISHING UNFORMED SURFACES

A.  General: Comply with ACI 302.1R for screeding, restraightening, and finishing operations
for concrete surfaces. Do not wet concrete surfaces.

B.  Screed surfaces with a straightedge and strike off. Begin initial floating using bull floats or
darbies to form a uniform and open-textured surface plane before excess moisture or
bleedwater appears on the surface.

1. Do not further disturb surfaces before starting finishing operations.

C. Trowel Finish: Apply a hard trowel finish to surfaces to be covered with thin ﬁlm—ﬁmsh
. coating system.

37  TOLERANCES

A.  Comply with ACI 117, "Specifications for Tolerances for Conecrete Construction and
- Materials."

3.8 CONCRETE PROTECTION AND CURING

A.  General: Protect freshly placed concrete from premature drying and excessive cold or hot
temperatures. Comply with ACI 306.1 for cold-weather protection, and follow
recommendations in ACI 305R for hot-weather protection during curing.

B. Evaporation Retarder: Apply evaporation retarder to concrete surfaces if hot, dry, or windy
conditions cause moisture loss approaching 0.2 Ib/sq. ft. x h (1 kg/sq. m x h) before and
during finishing operations. Apply according to manufacturer's written instructions after
placing, screeding, and bull floating or darbying concrete, but before float finishing.

C. Begin curing after finishing concrete, but not before free water has disappeared from
concrete surface.

D.  Curing Methods: Cure formed and unformed concrete for at least seven days by moisture
curing, moisture-retaining-cover curing, curing compound, or a combination of these as
follows:

1. Moisture Curing: Keep surfaces continuously moist for not less than seven days with
the following materials:

a. Water.

b.  Continuous water-fog spray.
c.  Absorptive cover, water saturated and kept continuously wet. Cover concrete

CAST-IN-PLACE CONCRETE (LIMITED APPLICATIONS) 03301-5



Copyright 1997 AIA MASTERSPEC 11/97

surfaces and edges with 12-inch (300-mm) lap over adjacent absorptive covers.

2. Moisture-Retaining-Cover Curing: Cover concrete surfaces with moisture-retaining
cover for curing concrete, placed in widest practicable width, with sides and ends
lapped at least 12 inches (300 mm), and sealed by waterproof tape or adhesive.
Immediately repair any holes or tears during curing period using cover material and
waterproof tape.

3.9 REPAIRS

A. Remove and replace concrete that does not comply with requirements in this Section.

END OF SECTION 03301
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SECTION 15050 - BASIC MECHANICAL MATERIALS AND METHODS

1.1

1.2

1.3

'PART 1 - GENERAL

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including Gerieral and Supplementary

Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

This Section includes the following basic mechan_icél materials and methods to complement
other Division 15 Sections.

1.  Piping materials and installation instructions common to most piping systems.

DELIVERY, STORAGE, AND HANDLING

Deliver pipes and tubes with factory-applied end caps. Maintain end caps through shipping,

~ storage, and handling to prevent pipe end damage and prevent entrance of dirt, debris, and

moisture.

Protect stored pipes and tubes from moisture and dirt. Elevate above grade. Do not exceed
structural capacity of floor, if stored inside.

Protect flanges, fittings, and plpmo specialties from moisture and dirt.

Store plastic pipes protected from direct sunlight. Support to prevent sagging and bendmc

SEQUENCING AND SCHEDULING
Coordinate mechanical equipment installation with other building components.

Arrange for pipe spaces, chases; slots, and openings in building structure during progress
of construction to allow for mechanical installations.

Sequence, coordinate, and integrate installations of mechanical materials and equipment for
efficient flow of the Work. '

D. Coordinate connection of mechanical systems with exterior underground and overhead
BASIC MECHANICAL MATERIALS AND METHODS 15050 - 1
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utilities and services. Comply with requlrements of vovermno regulations, franchised
service companies, and controlling agencies.

PART 2 - EXECUTION

PIPING SYSTEMS - COMMON REQUIREMENTS

General: Install pxpma as described below, unless piping Sectlons specxfy otherwise.
Individual Division 15 piping Sections specify unique piping installation requirements.

General Locations and Arrangements: Drawing plans, schematics, and diagrams indicate
general location and arrangement of piping systems. Indicated locations and arrangements

* were used 1o size pipe and calculate friction loss, expansion, pump sizing, and other design

considerations. Install piping as indicated, unless deviations to layout are approved on
Coordination Drawings. -

Install piping at indicated slope.

Install components with pressure rating equal to or greater than system operating pressure.
Install piping free of sags and bends.

Install ﬁtAtings for/cha_nges in direction and branch connections.

Install couplings according to manufacturer's written instructions.

Piping Joint Construction: Join pipe and fittings as follows and as specifically required in
individual piping specification Sections:

1. Ream ends of pipes and-tubes and remove burrs. Bevel plain ends of steel pipe.
Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before
assembly.

Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1.
Cut threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs
and restore full ID. Join pipe fittings and valves as follows:

(93

a.. Note internal length of threads in fittings or valve ends, and proximity of
internal seat or wall, to determine how far pipe should be threaded into joint.

b.  Apply appropriate tape or thread compound to external pipe threads, unless dry
seal threading is specified.

c.  Align threads at point of assembly. '

d.  Tighten joint with wrench. Apply wrench to valve end into which pipe is being

BASIC'MECHANICAL MATERIALS AND METHODS 15050 -2
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threaded. -

e. Damaged Threads: Do not use pipe or pipe fittings with threads that are
corroded or damaged. Do not use pipe sections that have cracked or open
welds.

4.  Plastic Piping Solvent-Cement Joints: Clean and dry joining surfaces by wiping with
clean cloth or paper towels. Join pipe and fittings according to the following:

a.  Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and
- solvent cements. '

b.  PVC Pressure Piping: ASTM D 2672,
c.  PVCNonpressure Piping: ASTM D 2855.

END OF SECTION 15050
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SECTION 15100 - VALVES

1.1

A

12

1.3

1.4

PART 1- GENERAL

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUBMITTALS

General: Submit each item in this Article according to the Conditions of the Contract and

Division 1 Specification Sections.

Product Data for each valve type. Include body material, valve design, pressure and
temperature classification, end connection details, seating materials, trim material and
arrangement, dimensions and required clearances, and installation instructions. Include list
indicating valve and its application.

QUALITY ASSURANCE

ASME Compliance: Comply with ASME B31.9 for building services piping and
ASME B31.1 for power piping.

MSS Compliance: Comply with the various MSS Standard Practice documents referenced.

DELIVERY, STORAGE, AND HANDLING -

';Prepare valves for shipping as follows:

Protect internal parts against rust and corrosion.
Protect threads, flange faces, grooves, and weld ends,
Set ball valves open to minimize exposure of functional surfaces.

LI D)

Use the following precautions during storage:

—

Maintain valve end protection.
Store indoors and ‘maintain valve temperature hmher than ambient dew-point
temperature. If outdoor storage is necessary, store valves off the ground in watertight

~

VALVES . . 15100 -1
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‘enclosures.

PART 2 - PRODUCTS

2.1

A

22

MANUFACTURERS

Available Manufacturers: Subject to compliance with requirements, manufacturers offering
products that may be incorporated in the Work include, but are not limited to, the following:

1. Valves:

Conbraco Industries, Inc.; Apollo Division.
Hammond Valve Corporation.

Milwaukee Valve Company, Inc.

NIBCO Inc. |

Stockham Valves & Fittings, Inc.

Tyler Pipe.

Victaulic Company of Amenca

Chemtrol.

George Fischer, Inc.. :
Hayward industrial Products, Inc.

Sloane: R & G Sloane Manufacturing Co., Inc.

AT E@Me a0 o

BASIC, COMMON FEATURES

Pressure and Temperature Ratings: - As indicated in the "Application Schedule” of Part 3 of
this Section and as required to suit system pressures and temperatures.

Sizes: Same size as upstream pipe, unless otherwise indicated.

Threads: ASME B1.20..i.

PART 3 - EXECUTION

3.1

A

"EXAMINATION

Examine piping system for compliance with requirements for installation tolerances and
other conditions affecting performance of valves. Do not proceed with mstallatxon until
unsatisfactory conditions have been corrected.

Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove
special packing materials, such as blocks used to prevent disc movement during shipping
-and handling.

VALVES - 15100 - 2
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E.

3.2
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Operate valves from fully open to fully closed positions. Examine guides and seats made _
accessible by such operation.

Examine threads on valve and mating pipe for form and cleanliness.

Do not attempt to repair defective valves; replace with new valves.

INSTALLATION
Install valves as indicated, according to manufacturer's written instructions.

Piping installation requirements are specified in other Division 15 Sections. Drawings
indicate the general arrangement of piping, fittings, and specialties.

Locate valves for easy access and provide separate support where necessary.
Install valves in horizontal piping with stem at or above the center of the pipe.

Install valves in a position to allow full stem movement.

APPLICATION SCHEDULE

General Application: Use ball valves for shutoff duty and for throttling duty. Refer to
piping system Specification Sections for specific valve applications and arrangements.

1. Ball Valves: 150 psi @ 75 deg., viton O ring seals, full port design, socket cement
ends.

ADJUSTING
Adjust or replace packing after pipiné‘ systems have been tested and put into service, but
before final adjusting and balancing.  Replace valves if leak persists.

END OF SECTION 15100
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SECTION 15411 - PIPING
PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A.  Drawings and general provisions of the Contract, including General and Sﬁpplementary
Conditions and Division 1 Specification Sections, apply to this Section.

12 SYSTEM PERFORMANCE REQUIREMENTS

A.  Provide components and installation capable of producing piping systems with the following
minimum working-pressure ratings, unless otherwise indicated:

Carrier & Drain Piping: unpressureized

Bioinjection Piping: 150 psig (1100 kPa).

Biovent & Vapor Extraction Piping: 32" hg. Vacuum
Air & Water Hose: 150 psig (690 kPa).

BN

1.3 SUBMITTALS
A Specification sheets indicating pressure ratinig of materials.
1.4 QUALITY ASSURANCE

A.  Provide listing/approval stamp, label, or other marking on piping made to specified
standards.

B. Comply with ASME B31.9, "'Bu“ildiﬂg Services Piping," for materials, products, and
installation. . :

C. Comply with NSF 14, "Plastics Piping Components and Related Materials,” for plastic
piping components. ‘
PART 2 - PRODUCTS

2.1 PIPES AND TUBES

A. General: Applications of the following pipe and tube materials are indicated in Part 3
"Piping Applications” Article.

PIPING | ' 15411 - 1
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B. PVC Plastic Pipe: ASTM D 1785, Schedules 40 and 80.
C. PVC Plastic Pipe: AWWA C900, Classes 150 and 200; with bell end with gasket, and
spigot end.
22  PIPE AND TUBE FITTINGS

A.  General: Applications of the following pipe and tube fitting materials are indicated in Part 3
"Piping Applications" Article.

B.  Schedule 80, PVC Socket Fittings: ASTM D 2467.
C.  Schedule 40, PVC Socket Fittings: ASTM D 2466.
- D.  Schedule 80, PVC Threaded Fittings: ASTM D 2464.

E. PVC Gasketed Fittings: AWWA C907, Class 150; with gaskets.

23 JOINING MATERIALS

A.  General: Applications of the following piping joining materiéls are indicated in Part 3
"Piping Applications" Article.

24 VALVES

A.  Refer to Division 15 Section "Valves" for general-duty valves.

PART 3 - EXECUTION
3.1 EXCAVATION

A.  Refer to Division 2 Section "Earthwork" for excavating, trenching, and backfilling.

3.2 PIPING APPLICATIONS

A.  Transition and special fittings with pressure ratings at least €qual to piping pressure rating
may be used in applications below, unless otherwise indicated.

B.  Carrier Piping: Use the following:

PIPING . o 15411 -2
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1.  PVC, Schedule 40 pipe; PVC, Schedule 40 fittings; and solvent-cemented joints.

Bioinjection, Bioextraction, & Vapor Extraction Piping: Use the foliowing:

1. PVC, Schedule 80 pipe; PVC, Schedule 80 fittings; and solvent-cemented joinis

Drain Piping: Use the following:
1. PVC, DWV pipe ; PVC, DWYV fittings; and solvent-ce:nénted joints

Air & Water Hose: Use the following:

1. PVC, 150 PSI rated, with hose barb fittings secure with stainless steel screwed worm

33

PIPING

drive clamps. Use quick connects, Twin-Kam Kamlok Couplers as manufactured by
OPW or approved equal, consisting of a brass adapter hose shank and coupler hose
shank at each pull station and well vault as indicated.

JOINT CONSTRUCTION

Refer to Division 15 Section "Basic Mechanical Materials and Methods" for basic piping
joint construction.

Solvent-Cemented, Thermoplastic Pipe and Fitting Joints: Handle cleaners, primers, and
solvent cements according to ASTM F 402.

FIELD QUALITY CONTROL
Inspect piping as follows:

1. Do not enclose, cover, or put piping into operation until it is inspected and approved
by authorities having jurisdiction. .

2. During installation, notify authorities having jurisdiction at least 24 hours before
inspection must be made. Perform tests specxﬁed below in presence of authormes
having jurisdiction.

a.  Roughing-In Inspection; Arrange for inspection of piping before ¢oncealing or
closing-in after roughing-in and before setting fixtures.

b.  Final Inspection: Arrange for final inspection by authorities having jurisdiction
to observe tests specified below and to ensure compliance with requirements.

3. Reinspection: If authorities having jurisdiction find that piping will not pass test or

inspection, make required corrections and arrange for reinspection.
4. Reports: Prepare inspection reports and have them signed by authorities having

15411 -3
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B.

jurisdiction.

Test piping as follows:

1.

Test for leaks and defects in new piping and parts of existing piping that have been
altered, extended, or repaired. If testing is performed in segments, submit separate
report for each test, complete with diagram of portion of piping tested.

Leave uncovered and unconcealed new, altered, extended, or replaced water piping
until it has been tested and approved. Expose work that has been covered or
concealed before it has been tested and approved.

Cap and subject piping to static pressure of 50 psig (345 kPa) above operating
pressure, without exceeding pressure rating of piping system materials. Leaks and
loss in test pressure constitute defects that must be repmred

Repair leaks and defects with new materials and retest piping or pomon thereof until
satisfactory results are obtained.

Prepare reports for tests and required corrective action.

END OF SECTION 15411

PIPING
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Mechanical/Electrical Bill of Materials

ITEM ' QUANTITY SUPPLIED BY INSTALLED BY

4" sch, 40 PVC pipe 1550 If Contractor Contractor
couplings 130 “ ”
45 deg elb. 22 . »
90 deg elb 2 * ”
3" PVC DWYV pipe 350 1f * "
couplings 35 ¢ "
90 deg elb 1 - ' "
45 deg elb 3 " ”
cap 1 "
4" sch 80 PVC pipe 120 If T "
couplings 12 ® "
T 4 "
90 degelb - 1 “ 7
45 deg elb ‘ 1 “ . "
3" sch 80 PVC pipe 3501 - "
couplings 35 . “ o i
3'"T 12 ‘ - ”
45 degelb - 6 "
2" sch 80 PVC pipe 250 If - ' "
couplings ' 25 ' * T
45 deg elb 17 »
2'T ' 10 “ "
1 1/2" sch 80 PVC pipe 150 If “ ”
couplings 15 * "
45 deg elb 12 "
112" T 10 _ "
1" PVC pipe : 301f ?
90 deg elb - 30 i ”
Sch 80 fittings
2 x 11/2 reducer 2 : "
3 x 2 reducer 3 ”
4 x 3 reducer 1 "
2 x 1 reducer 10 »
1% x 1 reducer 20 - ”
1 x 1/4 reducer 15 * ’
4x4x2T - 2 “ ”
T 3x3x2T 1 “ : ”
3x3x1AT 4 ”
2x2x1%T 4 - ”
1" thd x socket adapter 30 "




ITEM ' UANTITY SUPPLIED BY INSTALLED BY
3/4" PVC hose 3430 If . Contractor Contractor
3/4" quick connects 6+ ' - : "
Valves
2" Tru-union 5 =
1 1/2" Tru-union 10 “ S
1/4" Brass 3-way 15. "
- Propane Pipe - " Others Others
3" Rigid Galvanized PVC Conduit 92 If Contractor Contractor
4"x 4"x 4" NEMA 3R enclosure 2 Contractor Contrractor
Flow Meters with 1" connectors 15 Others Contractor
Pressure/vacuum gauges . 15 Others Others
sample ports . .
All well caps and down well materials - ‘ Others Others
Well Vaults* 19 Others Others
Chain link fencing 220 1If Contractor - Contractor
Posts _ 23 Contractor "~ Contractor
Locking mechanisms 1 Contractor ' Contractor
Padlocks - Others Others
Sea Box Anchor Bolts 8-11R2"dia. . Contractor Contractor
Propane Tank Anchor Bolts 4 - 1" dia. Contractor Others
Expansion Bolts
NOTE:

1. * - Contractor will cut steel skirts in vaults (o allow for piping penetration.
This Bill of Material list is for bidding purposcs only. Contractor is responsible to furnish and instatl all
necessary materials for a complete installation. Contractor is responsible for determining material quantities
to suit the field conditions.

3. Full size T's with appropriate reducing bushings may be used in lieu of reducing T's.




4" sch. 40 PVC pipe
couplings
45 deg elb.
90 deg elb

3" PVC DWYV pipe
couplings -
90 deg elb
45 degelb
cap

4" sch 80 PVC pipe
' couplings

4'0" T .

90 deg elb

45 degelb

3" sch 80 PVC pipe
couplings
3"T
45 degelb

2" sch 80 PVC pipe
couplings
43 degelb
2'T

1 1/2" sch 80 PVC pipe
couplings
45 degelb
112" T

1" PVC pipe
90 deg elb

Sch 80 fittings
2 x 11/2 reducer
3 X 2 reducer
4 x 3 reducer
2 x 1 reducer
1 % x| reducer
1 x 1/4 reducer
4x4x2T
3Ix3x2T
IX3x1WAT

2x2X1AT

1" thd x socket adapter
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1550 If
150
22

3501f
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ITEM . UANTITY SUPPLIED BY INSTALLED BY
3/4" PVC hose 3430 IF Contractor Contractor
3/4" quick connects 64 - , "
Valves

2" Tru-union 5 "

1 1/2" Tru-union 10 7

1/4" Brass 3-way 15 N "

. Propane Pipe | - - Others Others

3" Rigid Galvanized PVC Conduit = 901If Contractor Contractor

4"x 4"x 4" NEMA 3R enclosure 2 , Contractor ‘ Contrractor
Flow Meters with 1" connectors 13 . Others Contractor
Pressure/vacuum gauges 15 - Others Others
sample ports '
All well ¢aps and down well materials ~ --- Others Others
Well Vaults* : 19 , Others Others
Chain link fencing 220If Contractor Contractor
Posts : A 23 Contractor Contractor
Locking mechanisms 1 Contractor Contractor
Padlocks - » Others " Others
Sea Box Anchor Bolts 8-11/2"dia. Contractor Contractor
Propane Tank Anchor Bolts 4- 1" dija. Contractor Others

Expansion Bolts

-

NOTE:
1. * - Contractor will cut steel skirts in vaults to allow for piping penetration.
2. This Bill of Material list is for bidding purposcs only. Contractor is responsible to furnish and install all

necessary materials for a complete installation. Contractor is responsible for determining material quantities
. to suit the field conditions. '
3. Full size T's with appropriate reducing bushings may be uscd in licu of reducing T's.
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NOTES AND SPECIFICATIONS
VAULT ENCLOSURES: PEMCO MODEL 105242424NT

VAULTS WILL BE INSTALLED BY OTHERS.
CONTRACTOR SHALL FIELD CUT HOLES FOR
PIPES AND SEAL WATERTIGHT WITH SILICONE
SEALANT.

FLOW METERS: SUPPLIED BY OTHERS FOR INSTALLATION

BY CONTRACTOR.

GAGES, SAMPLE PORTS, ¢ WELL CAPS: SUPPLIED
BY OTHERS

AND INSTALLED

AIR ¢ NATER HOSE: CONTRACTOR SHALL FURNISH AND INSTALL

LINES FROM TERMINATION AT TRAILER UP
TO ¢ INCLUDING THE QUICK CONNECT AT THE
WELL VAULT. FROM THE QUICK CONNECT TO
THE WELL WILL BE SUPPLIED ¢ INSTALLED
BY OTHERS. PROVIDE 20' OF ADDITIONAL
AT TREATMENT AREA TERMINATION.
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LOCATION & DIMENSIONS ARE ACCURATELY SCALED
FOR BIDDING ¢ SCHEMATIC CONSTRUCTION PURFPOSES.
FINAL POSITION OF WELLS, PIPING ¢ OTHER SYSTEM
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APPENDIX B
Treatment System Design Drawings and Specifications List
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8L OF MATERIALS
Forensic Eiwironmental Services, Inc.
‘LFR Proj. No. 315-88006-00-000

[Component I tegNumber JQ ] PO# ]| UntCost J FExiCosl | DoloPurchased ]| OateAwwed | Woles 1
Alr Flow Mster JAFN-102 &wu 106] 5 -

Alr Flow Nictor AP 2 i1R] 8

Bl Vaives : I B

[Vazuaa ndicators j B 10

| Nolshire Seperstor - KOD-101 1

 Positive Displacoment Pump PDP-101 1

Vepor Extraciion Blower VP01 1

Tniine Particulate Fiter | Fotendi03 | 2

wmm | DbPS104 | 1

TVoouum Refef Vatve VRV-101 1

Pressure Reliof Valve PRV-102 i

Leval Switches 3

912298 Page 2 Bill of Matorinis2 s



§-24~1988 12:134M . FROM NCRTH EAST .ENV PRCDS 623 298 7083

----

fmht =3 - - : =V INE %7 o < g (o= - -
83 & e 4 - Saa:)‘ ~ AR il
. Q30 / X =K

17 Tachnoiegy Orive West Labanon, NH c37as
603-200.7081 Fax. @3 287065

Date:  Friday, May 29, 1998

To: Faul Fisher / Lavine-Frike
Pax: 90_3" 526.7888
Phone: 908 526.1000 X 416

¢
 Fax:
Phone:

. From:  Bob Clarke / NEEP

No Pages: 2 {inciuding this cover page)
RE: R
Notes: '
The Modeling sofﬂvare Speration is based on actual test data we performed oﬂ' the o
Shaﬂoaleﬁy‘ strippers. Modsler uses equations and the curve fitted tast data to predict
‘removal e c:encuas. ' : ‘

Enclosed Is an articte that states this. it was the only statement | could find,

8ab Clarke '
et Maniager
Senior Mechaéqnaleal Engineer

fax 59 Lavine

Integfate_-d,

énV‘irﬂon.m.énital'T"echno'idgles
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' Incorperated into camputer modals
tha: can be used to seiect air strip- -
Ping equipment according to the
envirsnmental engineer's perfor-
mancs ¢riteria and varigbles such
3 the chemical to be removed, air
flow rateg, water flow rate, waier
lemperaturs, ang ¢thers.

The modeling ot air strpping
systems is extramaly imporant to
the environmental anginesr for
saveral réasena: : -

1. A precise imderstanding of how
variously eanfigured air stripping
systams will pertorm under a
wida varisty of conditions
makes It possible ‘or the many-
facturer to assume lability for
the paerfarmance cf properly
installad systerns. Thig rallgves
the conguiting enginser at the
burcan of parforming his or her
own performanca testing..

2. Tha computer mecei makas it
pessible to perform hours worth
of menual ealculations in 3 mat-

4

o W .
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- “Semraran
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-

P.2

performanca in the liald. Seme
manufacturers perform many such
tests every wagk, just lo oxtend the
data available or their systems and
to keep nace with cantinuaily mére
demanding performanca eritoria.
The vaiue of the alr stripper
degends to a great axtant on the
§cope and precision of its medals
ing.

Tha Righer the concentration of
contamination in the water, the
frara air will be needed to volgtitze
and carry it away. To imgrova the
treatment affciency, it is tharalers
nacassary to ingrease the airwater
ratio. Tray-typs, tow-profile strip-
fera have inherantiy high air-watser
ratics becauss ralatively arge vol-
umes of air are required to ‘rans-
form water in the tray Into a trotn,
Without avarsizing the biowars.
such units are capabia of removing

-8uch highly seluble contaminants

L '.‘ sl h
ter of minutes. As a result, a - N as methyi(tambutyi other (MTEE),
manuiacturar can raspond e MTBL methylane chigrice, and ecetore.
Quicxly 1o a raquest for quotes .- ""‘f---..:._,__- . if ;dcluc@! mutmpm sificioncy
6’ changes in performance cri- e T e ey is required. it is possible 10 further
tara. Sueh responsivaness san- 1 Two Trays : increass the air-water ratic by
not be averamphasizad. While . o ) reduting the flow rate of water
site owners ars given years 1o = Prough tha system, Tray-tyoe units
parkorm initial asasasments and hinf 8 : ' mey be cperated anywhare within
feasiollity studles, they are typi- | =\« i , their rataa water flow range. A
 cally given only §0 daye te corn- —r—— — small gystem may have a flow rat-
plete the final design and . ‘ — - ing ef 1 10 15 gallens per minute
engingering of a treatment sys- 1 ™. "-,‘ o (gpm), while 3 large unit may have
tem. This causes enormous - S e e — — & range of 16 to 3€0 gpm. Either
time pressures. o e 3“.’:“_ : K system may be operated at the
3, Modsling maxes it possib’a to ~10ne Tray ST, :°“'" limit to °?“‘;‘;,‘_h‘9" c";ﬁ""
Quickly troubleshaot parfor- I R L nant removal efticiency. Resi-
manca Issuas with instailed sys- : ' : , dence ime in a tower may aiso be
tems. Thess are frequently que a fwgr for improving traazmont
1o changes n site canditions : emclenc'yv. but ) this generally
(6.0.. flow rates or contaminant Figure 3 ln,volv_as incraaging the height of
cencantrations). Based.an the _ . N the towar. Packed towers should
modaiad data, 1t is possible o recsmmend medifications 1o | NSt D 0perated at low flow ratas because adequate mass
&ystem operation or configuration 1o improve perfarmance. | - Tansfer surface ares cannct be genaratea. .
Rasidence time in tray-type oystems can be impraved by

The cegree of cdnfidarce cne can have in modeled data for

air stripper gelactian is iimied

By the manufacturer's sxperi-
ence with the compound matrix (l.e., the watar iself. the pri-
mary Comaminant(s), ana.omer chemicals and minerals that

gdding more trays. Ina

multi-tray system, when water has

re2ched the snd of one tray, it fails it the naxt for aaditonat
treatmant. Adding traya aixa makes it posaidiv to aperate at
higher watar tiow rates without sacrificing air stripping affl-

may B¢ pragent.) Cemputer models for selecting air strippers ciency. Figure 3 shows removal affigiency vs. flow rates for
¢an ba based on thacrstical gquations or on empirical data. | systems with ene, two, three. and four trays, respectively. The
Howaver, the best mcdeis rely on theoretical equations cali- | abilily to easily remave or add frays in the fleid makes it possi-
brated to actua! test data. This gives the enginesr maximum | blato pefiodically tune the System for improved performance
assurance that predictod Bddrmance wil closely approximate ‘

e Rp—

r rodiicad opgrating costs,

Reprinted From Tl National Environmental fournal Tuly ! Avwas 1990



A0 38T Lol

ATTEIRTIEE !

s
I . VY

i low protile air strippers :
i

| System Performance Estimate
r

i Client and Proposal information:
Forensic Environmenta!

Ajr Flow Rata:
Water Temp:
: Air Temp:
f » | AW Ratio:
: b Safety Factor:
Untreated Mode! 2311 Modsl 2321 Model 2331
Contaminant  Influent Effluent Effluent Effluent
Effluent Target Water Water Watar
. Air(lbsfhr) Air(lbs/hr) Air(lbs/hr)
% remaovai % removal % removal
Benzene 2250 ppb 30 ppb 1 ppb <1 ppb
! 15 ppg 0.01 W 05 0.01 '1’550 0.01 1p2%5
| , 98.6701% £0.9823% £9.9998%
%
MTBE 20000 p gb 4364 ppb 953 g:zpb 208 ppb
1000 pp 0.078214 0.095277 0.098004
78.1819% 85.2397% -98.9614%
f .
Xylene 1900 ppb 1 ppb
Py 50 ppgp Q. 008579 0.008499 0. ouepspoa
S 98.7294% 99.9835% 99.9998%
Toluene 150 ppb 3 ppb <1 ppb
50 pgg 0.0&%35 0.000%50 0. 000P7P50
' ‘ 08.3880% 89.9734% 80.9998%
:Et_h | Benzene 700 ppb 8 ppb <1 pph <1 pph
= 50 pE 0.0@3462 0.003501 0.003502
98.8798% 95.9874% 99.8999%
. Trichloroethylene 5 ppb <1 ppb <1 ppb <1 ppb
4 1 ppgb 0.00 0p25 0,.,000’)0%5 0.000025
989.7067% 99.8991% 100.0000%
| Tetrachiorosthylene 158 b <1 pph <1 ppb <1 ppb
1pp 0.000075 0. 000075 0.000075
99.8327% £9.2997% 100.0000%
'1,1-Dichlorosthylens 25 ppb <1 ppb <1 pph <1 ppb
1pp 0.000124 0.000125 0.000125
99.4946% 98.8974% 100.0000%
Viny! Chioride 5 ppb . <1 ppb <1 ppb <1 ppb
Y 1 ppb 0.000025 0.000025 0.0003%?25
99.8822% 100.0000% 100.0000%

!
|
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|
|
H
|
|
|
!
|

o
Mode! Chosen: 2300
Water Flow Rate: 10.0 gpm
300 cfm
60.0 F
600 F
2244
None

Model 2341

Effiluent

Water
Air{ibs/hr)
% removal

0.01 f255

100.0000%

46 ppbh
0.098814

89.7734%

0. OO;SPOA

100.0000%

0000730

100.0000%

<1' ppb
o.ocoo%s
100.0000%

<1 ppb
0.000075
100.0000%

<1 ppb
0.00(?1 25
100.0000%

0000223

100.0000%



Contaminant Influent
Effluent Target

Acstone .8 ppb.
. 1 ppb

Due to its miscibilty

Methylene Chioride 15 p, b X

i

..........

Model 2311 Model 2321 Model 2331 Model 2341
- Effluent = Effluent Effluent  Effluent

Water Water Water Water
Air(lba/hr) Alr(lbs/hr) Air{lbs/hr) - Alr{lbs/Mr)
% removal % removal % removal % removal

4 ppb 4 ppb dppb 2 ppb
0.00%%05 0.0¢ 0%05 0.000010 0.00881,5
20.8477%  37.3491% 50.4104%  60.7487%
with water, acetone removal is aifficult to predict. Call your neep representative for more in

1 ppb <1 ppb <1 ppb <1 ppb
0000070 0000075 0000078 o0.00cEB
- 98.0893% 99.9635% 96.9953% 100.0000%

This report has baen ganerated by ShallowTray Medeler sofiware versian 2.1W. This software is designed to assist 3 skilled oparator
aredioting the performance of a ShillowTray air stripping systam. Narth Esit Environmental Products, [nc. is not responsible
¢ incidental or consequantial damages rasuiting from the improper operatlon of either the software or the air stripping equipment.

epart genarated: 0/16/1998

i

Copyright 1885 North Esst Environmental Products, Inc, * 17 Technology Drive, West Lebanon, NH 03784
}/oice: 603-298-7081 FAX: 60_3-295-7063 * All Rights Reserved, :
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swprofllea r.batrlppers‘
S'YStem Performance Estimate
nt and Proposal tnformatlon Mcde! Chosen: 2300
l Forensic Enviranmental Water Flow Rate: 12.0 gpm
| Air Flow Rate: 300 ¢'m
§ X\lat_?r Temp: ggg:
ir L
l A/wg:t?o: 187.0
i' Safety Factor:  None
Untreated ‘Model 2311 Model 2321 Model 2331 Moda| 2341
l | Contaminant _ Influent  Effluent Eﬂluent Effluent Efﬂuom
Effuent Target Water Water Wate
Air(Ibs/hr) Alr(lbs/hr) Air(lns/hr) Nr(lbs/hr)
I - % removal % removsl % removal % removal -
Benzene '2250ppb 50 ppb 2 ppb <1 ppb
15 ppgp 0.013506 0.015594 0. 01;!66 : 0. 0135%6
l i 97.7943%  ©0.9513% 99.9980% 100.0000%
MTBE 20000 ppb 5607 ppb 1572ppb  441ppb = 124 ; b -
I 1000ppb 0.086396 0110817 0.117408 0.118308
71.8692% 82.1428% 97.7976% 96.3826%
Xylene 1900 ppb 41 ppb <1 ppb <1 ppb .
I Xyt 50ppg 0011159 0. 11599 0.011p05 0.011405
97.8813%  99.9551% 88.8990% 100.0000%
I Toluene 180ppb - 4ppb <1 ppb <1 ppb <ippb .
50 ppg 0.00%%76 0.000800 0.00&00 0.000800
l 97.3574% 89.9302% 90.5882% | 100.0000%
Ethyl Benzene 700 ppb 14 ppb 1 ppb <1 ppb <1 ppb
y 50 pSE 0.003?18 o.oog?sa o.oofz%z 0. 004%%2 .
' | . 98.1044%  90.9641%  ©9.9093%  100.0000%
| - .
Trichlorosthylene. 38 b <1 ppb <1 ppb <1 ppb
I 4 1 S;'?b - oooopo%o 0.000030 0.00d030 o.ogoo%o
£9.3170% 88.9977% 100.0000% 100.0000%
Tetrachloroeth ene 15ppb <1 ppb < <1 ppb <1 ppb
I 4 pgp 0.00 0%0 0000%90 0.00 0%0 0.000080
- 89.7110% 9. 9992% 100.0000% 100.0000%
l ,1 1-Dichioroethylene 25 ppb <1 pg 'b <1 ppb <1.ppb
y pg O'.OOO%%Q 0.000150 0. OOOEI 50 - O.OOOP*!%O
. 99.3448% 99.8857% 100.0000% 100.0000%
r | . .
|
Vinyl Chioride 5ppb ppb <1 ppb <1 ppb <1 pph
t Y 1S§b ooooo%o 0.00d0%0 10.000030 o.ooo%%o )
l | 80.8627% 100.0000% 100.0000% 100.0000%
|
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Page 2

: _ Model 2311 Model 2321 Model 2331 Model 2341
Contaminant Influent Effluent - Effluent = Effluent Effluent

Effluent Target Water Water Water Water
" - Alr(tbs/hr) Air(lbs/hr) Air{tbs/hr) Air{ibs/hr)
% removal %removal - % removal % removaj
Acetone Sppb  Bppb 4ppb 3 ppb 3 ppb
' 1 ggb : <.odpd%,o1 0.-00%%06 0.009&12 o.ocfd%m
T 18.6703% 30.5616% 421372%  51.7631% '
Bue to its miscibility with water, acetone removal is difficult to predict. Cal your naep representativa for more in
Msthylene Chicride 15ppb 1 ppb <1 ppb <1 ppb <1ppb
d : 1 pg' 3 0.00088-4 0.00009 0.0.0.0‘0%0 0.000%90

96.6073% 09.8849% 99.9861% 99.9989%

1
!
i
\
1
t
!
i

e . . .
This report has been ganerated by ShaliowTray Modeler software version 2.1W. This soRware is designed to assist a skilled operator
in predicling the performance of a ShallowTray air stripping system. Nerth East Environmental Products, [nc. Is not responsible

for incidentsl or sonsequential damages resuiting from the improper operation of eithar the softwars or the air stripping equipmant,
Report generatad: 8/16/1958 . .

Copyright 1896 North East Environmental Products, Inc. * 17 Tecnhnology Crive, West Lebanon, NH 03784
Maice: 503-208-7061 FAX: 603-206-7063 * All Rights Reserved.
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%Shqllovil'r
low profile air atripper.s
g

R!stem Performance Estimate
Client and Proposal Information:

FOI’BHSIG Envnronmental

1
I
c
'

Untreated Model 2311 Model 2321

! COntaminant influsnt
i Effluent Target
;
i , .
; Benzene 2250 gpb
, 15 pp
' MTBE 20000 p gb
: ' 1000 pp
; p-Xylans 1900 ppb
'P Y &0 ppgp
|
*Toluene 180 ppb
50 phb.
{
xEthyl Benzene 700 ppb
SO ppo
'Tnchloroethylene -8 ppb
1ppb
Teu'achloroeﬂ’tylene 15 ppb
1 ppb
1 1-D|chloroethylene 25 Ppb
1 pp
mel Chloride § ppb
1ppb

Effluent

Water
Air(lbs/hr)
% removal -

0. D‘I g? 8s
96.8802%

0.05455¢

82.7985%

76 ppb
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